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(71) We, INTERNATIONAL BUSI- 
NESS MACHINES CORPORATION; a 
Corporation organized and existing under the 
laws of the State of New York in" the United 

5 States of America, of Armcnk, New York 
10504, United States of America, do hereby 
declare the invention for which we pray that 
a patent may be granted to us, and the method 
by which it is to be performed, to be particu- 

10 larly described in and by the following state- 
ment : — 

The present invention relates to data pro- 
cessing apparatus, in particular to an Input/ 
Output (I/O) controller arrangement which is 

15 nonprogrammable and adapted to connect 
one or more data channels to one or more 
I/O devices. 

Data processing systems usually include a 
central processing unit (CPU) which is intem- 

20 ally programmed and has a plurality of input- 
output channels. Input-output channels in rem 
have a plurality of I/O subsystems connected 
thereto. Each I/O subsystem consists of one 
or more I/O controllers or control units; each 

25 with a plurality of I/O devices, such as card 
readers, card punches, magnetic tape units, 
magnetic disc files, and the like. In such data 
processing systems, the mcst expensive por- 
tion on a time-use basis is the central pro- 

30 cessing unit. For improving cost-performance 
characteristics of such a data processing sys- 
tem, it is highly desirable that as many of the 
functions relating to I/O operations be acccm- 
plished without delaying operation of the 

35 CPU. Of course, these funcrons added tc the 
I/O subsystems must be performed at rela- 
tively low cos:, which requires a minimum 
of additional hardware. 
Another aspect of I/O controller design is 

40 flexibility. As the I/O devices change, as 
channel characteristics change, the tield 
changes required in the I/O controller should 
be held to a minimum with such changes being 
facilitated by the decign of the I/O controller. 

45 . According to the invention there is pro- 
vided data processing apparatus comprising 
a daw channel centre;!:.- including first and 



second interface portions, each portion being 
adapted for different signal forms:*., data rlow 
circuits elcctricaiiy interposed between said 50 
portions and operative to alter m/orm::: ion- 
bearing signals in r.cccrdancc wiir. s?. : d sig- 
nal formats whereby siguuis may oe exchanged 
between said portions* and a plurality of 
microprogrammed units each * having a 55 
memory, an input ana an output portion . hnt 
and second of said microprogrammed units 
being respectively operative!*- associated with 
said Erst and seeer.d interface port: ens and 
being programmed to exchange control ?nd 60 
data signal? therewith, lirst and secend sets of 
exchange registers respective: y connected to 
said first and second m:ero-rroerjrrx;ed units 
and adapted ;o receive result" signals there- 
from and supply said result sigr.n)* to said 65 
data flow circuits to control same to aiur said 
i-formation-bearing Signals: ana nrst and 
second gating means respectively controlled 
by said ririt and second micro-programmed 
units to gate said result sicnais from said 70 
second and nrst exchange registers respectively 
into said lirst ana second microprogrammed 
units. 

One embodiment of the present invention 
includes a plurality of independently orerable 75 
microprogramnubic units :MPUY." Each 
MPU has its own program of microinstruc- 
tions and its own memories. A set of exchange 
registers receives signals from the respective 
MPU's on an output bus. Each MPU has in- SO 
put gating means connected with the cxz:.m%t 
registers associated with the other .MPU's tor 
selectively gating signals therefrom. 

Such ga tine; means provide program syn- 
chronization. The signals stored in* such ea> 85 
change registers are simultaneously supplied 
to data now circuits which process information- 
bearing signals between an I/O channel inter- 
face*: and various I/O device*. Th: dan flow 
circuits arc r:<ponsivc to the cxche.nce register 90 
signals to perform signai processir.2 operations 
tor effecting exchange of information-bear- 
ing sijnala. In such an arrangement; the I/O 
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channel is usually a controlling system and the 
I/O devices arc a subservient svatem. 

One MPU .'MPUX. ir.zv he associated with 
the chanr.;! ar.d is then the dominant .MPU. 



A second cr I/O device .V.PU .'MPUY', is 
associated vi:h I/O dav::c> end ii subservient 
to the channel .MPU. 

In other arranrcment:. additional MPU's 
may be prcvij-d, cr.: zzir.z m the d.::a iiow 
circuits as a part cf the data :;ow crcratien. 
In such an instance, the exchange 're-ister; 
direct the cb.ra-iL-w .V.PU u- re::o:n:~uau- 
processir.; rpc r _::;:?i on the >./r.ii: being ex- 
changed. The c.t:2-;lrw MPU in .sura supplies 
status signals via its own exchange registers 
which titer, are selective* sampled" bv one of 
the other MPU's. 

Haeh MPU may be cf simple d^lz:\ having 
an ALU capable of rc::crmir.2 a :i:ie!c micro- 
step during each cycle of operation. A limited 
repertoire of instruct. ons are pru". :Jcd with 
a limited sized instruction word. For saving 
control memory, an incrementabie instruction 
u-ord counter is provided. For reducing cost 
of construction, the exchange recisters" asso- 
ciated with the channel and I/O device 
MPU's arc symmetrically desirncd. 

The channel may trap i.e. sntcrrun:^ the 
channel MPL" mtAzd in turn mav trap the 
I/O device .MPU. While the cher-ei '.MPU 
is setting up operations for the I/O subsvstem, 
it may hcid the I/O device .MPU in an in- 
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The channel .MPU h:s connections with 
I/O devices for addressjns and broad suoer- 
40 visory purposes. All operational aspects 'arc 
effected by the device MPU. The channel 
MPU may perform diagnostic functions simul- 
! with the device MPU operational 



operative 



i.e., no signals of any type 



are being processed. In a rr 
tan, velocity .'ucrO signals arc" supplied to 



movmz media svs- 
:iacm signals arc" supplied ' to 
MPU's for diagnostic and operational 



45 In order that the invention may be fully 
understood, preferred embodiments thereof 
will now be described wiih rc'crc.-Kc to the 
smying drawincs, in which: — 
JRE 1 is s simpFricd block diarram 



50 



of a 
Jcr 
tion; 



arrangement of one I/O control- 
to embody the present inven- 



FIGURE 2 is an intermediate bur simpli- 
fied block diagram of an I 'O controller em- 
55 bodying the prer-cnt indention and bavins r.vo 
microprccrammable units 'MPUY. each hav- 
ing a single ALU of limited cacabilitv; 

FIGURE 3 is a simplified bieck diagram 
of an MPU usabic with the Fieurcs 1 or 2 
60 iii«ic; r3 ;jj I/O controllers: 

FiOUKE 4 is a simpiined data flew dia-' 



cram illustrating transfer cf signals from act 
I/O device to a channel: 

FIGURE 5 is a s—rlir-ed data v.rx die- 
grim illustrating ca:a Sew frrm a c-cnnel t? <; 
an I/O device: 

FIGURE * ii a simple: b'c.v. d.—arr. 
show.ng data rlcw arrar.z.men: ::\r.: a 
rimric MPU hav.'.- a sir.cie ALU: 

FIGURE - a 5imr::;::d rr. — d:-- - 
gran; fcr MPUX ar.d MPUY: " 



FIGURES > 



to e*. are a 



tratiens of m:cro-ro;:::ne> set forth :?. 
1 as tabulated beiow: 

FIGURE S— IPLE5CAK in MPUX 
FIGURE P-IDLESCAX in MPUY 



::.us- 





The function cf interrupt 



: h shewn 



ii 



SO 



FIGURE 10— DEP RIMES in V.^rx 
FIGURE U-POLL DEPRIVES in 
MPUY 

FIGURE 12— MPUX chccfcir.r MPUY 
status and verifvinc on MTV addrafs 
received frcni interlace X IN*. TX 

FIGURE 13 — MPUX peilina in:;:;cce Y 
.'INTFY* 

FIGURE 14— MPUY pcilin: interface Y 
(INTFX; 



MPUX .Microprograms: 
FIGURE 15-X-rra? " 
FIGURE K*— \.n ::a; s:!::tien 
FIGURE P— X-rc«::ed 
FIGURE 1^— X-i:at-> 
FIGURE 1?— X-:errrtinat:cn 
FIGURE 20— X-::ad and MTU tc::s c 5 
FIGURE 21— X-wri:e 
FIGURE 22-X-<ervic: 
FIGURE 2 
FIGURE : — X-s 



105 



MPUY MICROPROGRAMS : 

FIGURE 25— Y-trao 

FIGURE 2^Y-ir::ia! selection 

FIGURE 27— Y-tcrmination 

FIGURE 2>— INTFY -arch 

FIGURE 29— Motion control 

FIGURE 30— Y-wr.ic 

FIGURE 31— U:;:e XRZI 

FIGURE 32— write PE 

FIGURE 33— Y-recd 

FIGURE 34— Reed NR2I 

FIGURE 35— Read PE 

FIGURE 3^Y-sense 

FIGURE 37 j s 2 sirr.clir-^ 

showing the reiatic r.ihi? b. .... _ 

circuits and microprccr'cm generated signals 115 
from microprocessing units. 



1!0 



1353,770 



s from an 

flow dia- 
channcl 10 65 

< diagram 
j tilling a 

:ram dia- 70 . 

ucd illus- 

in Figure , 



UX 

$ is shown 



75 



4PUX 

MES in 80 



MPUV 
address ! 
FX) 

erface Y 85 j 
erface Y 



90 



U tests 95 



100 



10 



15 



20 



25 



30 



35 



40 



45 



105 1 



110 



50 



55 



agram j 

t flOW ' £Q 

•igruis 115 



Glossary of Abbreviations and Acronyms 
This glossary provides a ready reference to the abbreviations repeatedly used in describ- 
ing the invention. 

ADDR Address 

ADDRO Address Out (a command signal indicating 

address signals are being sent in but out 
lines) 

ADDRI Address In (a command signal on INTFX 

indicating address signals appear from CBI) 

A-DEPRIMES DEPRIMES resulting from Channel A 
activity (see DEPRIME) 

ALU Arithmetic-Logic Unit 

B-DEPRIMES DEPRIMES resulting from Channel B 
activity (see DEPRIMES 

BKDVv'D Backward 

BOC Branch on Condition 

BOR Beginning of Record (remains active during 

entirety of record rcadback signal envelope) 

BOT Beginning of Tape. 

BSTWAIT Burst Mode, Wair Routine (MPUX) 

CBI Channel Bus In (lines for carrying data sig- 

nals from I/O controller to CPU via 
INTFX) 

CBO Channel Bus Out nines for carrying data sig- 

nals from INTFX to controller 11) 
CHNL Channel 

CLEANGO A routine entered by MPUX when read status 

^ permits a read operation to be initiated 

CLEAN IT A routine entered by MPUX to check status 

during a read initiation 

CMD Command (a control signal) 

CMDO Command Out (a control signal telling con- 

troller 11 to change operation in accordance 
with predetermined criteria) 

CMDPAR1 Command Parit\- (an acronymn representing 

the entry point of an error analysis routine 
based upon a command parirv error) 

CMDPARER Commend Parity Error (the primary entry 
point into an error routine resulting from 
a command parity error) 

CMDRJT Command Reject fan entry point into a termi- 

nation program based upon the I/O con- 
troller rejecting a command received over 
CBO) 

CPU Central Processing Unit 

CTI Channel Tag In (a control signal supplied 

from an I/O controller to a data channel 
concerning the interpretation of other sig- 
nals supplied over CBI) 
CTO Channel Tag Out (a control signal supplied 

from a data channel to an I/O controller 
interpreting other signals supplied over 
CBO) 

CU Control Unit 

CUB Control Unit Busy (a tag signal) 

DE Device End (a control signal from an I/O 

device indicating end of an operation) 
DEP Device End Prime (see below) 

DEPRIME Device End Prime fa flag signal in a memory 

unit indicating a data channel has previously 
requested access to an I/O device. Upon 
receipt of a device end, signals are supplied 
to the channel to provide access to the I/O 
device) 
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DIAG Diagnostic 

DOTIEMS1 Do Track in Error Mode Set 1 'an entry 

point for a mode terminating program; 

EXECDEP Execute DEPRIME an entry" point tor an 

I/O device microprogram for initiating 
scannins for DEPRIMES 

EXECDES Execute DESELECT the entry point for an 

I/O device nvcroprcgr:»m used to discon- 
nect an I/O device 

EXECPOLL Execute Poll (an entry point for an entrv 

device microprogram used to poll I/O 
device status) 

FWD Forward 

GENRST General Reset .> microprogram} 

HIONOP Halt I/O, System Not Op'cratir.g ;a channel 

microprogram used to abcr: an operation 

not yet initiated) 
HIOPERG Halt I/O Operating (a channel microprogram 

used to abort a subsystem operation during 

subsvstcm activitv; 
IBG Interblock Gap 

IC Instruction Counter 

IDLEPEND A wait routine for the channel microprogram 

unit used to wait for further instruction* 
from a data channel 

IDLESCAN A microprogram used to scan fcr DEPRIMES 

IHS Information Handling System 

INSELCHK Initial Selection Ch^ik an entry into initial 

selection which firs: checks penaine status' 

IXTFX Interface X 

INTFV Interface Y 

I/O Input/Output 

IR Instruction Register 

LSR Local Store Regh:er 

MIS Multiple Interface Switch 

MODETYFE An entry- into a microprogram which deter- 

mines the mode of operation of a subsys- 
tem 

MPU Microprogrammable Unit 

MPUD Microprogrammable Unit 

flow circuits) 
MPUX Microprogrammable Unit 

ncction with a dau channel) 
MPUY Microprogrammable I. "nit arY fused in con- 

nection with an I/O device) 
MTl* Magnetic Tape Unit 

NOP No Operation (do nothing command' 

NRZI Nonreturn to Zero-IBM (a recording scheme) 

OP Operation 
OP IN Operation In Ja tag signal) 

PE ^ Phase Encoding (a recording scheme) 

POLLMTI Poll Magnetic Tape Interface x an I/O device 

microprogram which senses the activity of 
various MTU's) 

POLLMTIX Poll Magnetic TaDc Interface Exit fan end- 

ing routine for POLLMTI) 

READTYPE An entry- into a microprogram to determine 

the type of read operation instructed by the 
data channel) 

RES Reserved 

ROS Rc:d Only Store 

RST Reset 

RTN Return 

SELRST Selective Reset 



arD ^uscd in data 
=X .'used in eon- 
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SERVRTN* 

SFBK^D 

SFFU'D 

STAT 

STATRTX 

STS 

SUPPREQIK 

SUPPRO 

SVCI 

SVCO 

TACH 

TAPE OP 

TERMACC 

TERM ST A K 

TERAISTKl 

TIE 

TIO 

TA1 

TU 

TUADDR 

TUBI 

TUBO 

TUTAG 

WC0HIO 

VTCOSTP 

VRTCHK 

WRTFST 

WTM 

XA 

XB 

YA 

YB 



Service Return v 'a channel coordinating micro- 

program) 
Space File Backward 
Space File Forward 
Status 

Status Return .'a microprogram) 
Status 

Suppressive Request In a teg signa') 
Suppress Out (a rag signal: 
Service In -a tag signal) 
Sen-ice Ou; (a tag signal; 
Tachometer 

Tape Operation (a status signal) 
Termination Routine, Sums Accepted By 
Channel 

Termination Routine, Status is Stacked, Not 
Accepted 

(Sec TERMSTAK, an alternative ectry> 
Track In Error 
Test I/O 
Tape -Mark 
Tape Unit 

Tape Unit Address Register 
Tape Unit Bus In 
Tape Unit Bus Out 
Tape Unit Tag Register 
Word Count Equais Zero, Halt I/O 
u ord Count equals Zero, Stop 
£ rite Check (a tag signal) 
write First Byte (an entry into the write 
routine) 

Write Tape Mark 'a microprogram) 
Exchange Register XA 
Exchange Register XB 
Exchange Register YA 
Exchange Register YB 
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General Description 

The described I/O controller is particularly 
useful with the multiplex tvpe of channel des- 
cribed in the Meyer et al USA patent 
3,303,476. The description assumes a chan- 
nel-I/O controller interface usable with a 
channel of the type described in that patent. 
FIGURES 1 and 3 of that patent describe 
all tag signals used herein except SUPPRES- 
SIBLE REQUEST IX which is defined with 
respect to MPUX (channel MPU) micro- 
programs. It also assumes that the interface 
between the controller and the I/O devices 
follows a similar bus-out, bu;-in, tag line 
arrangement. In addition to the functions des- 
cribed in the Mover et al patent sunra, a 
tachometer input line is provided to trie sys- 
tem as later desciibed. 

With more particular reference now to the 
appended drawings, like numerals indicate 
like parts and structural features in the 
various diacrams. Information handling svs- 
tcm (IHS> interface X .'INTFV, is the\nter- 
face described in the Mover et al patent. 

INTFX communicates with e CPU via 
cable 10. I/O controller !1. which illustrates 
tAe present invention, provides control for 



exchanging f information -bearing sicnals 
^1" INTO and interface Y ,'INTFY* 
VV h > is connected to cne or more I/O 
devices via cable 12. Such I/O device* f c - 
purposes of illustration onlv, are magnetic" 
tape units capable of rcccrdin: and reproduc- 
mg infcrmation-bcarins sismals in phase-en- 
coding fPE) and XRZI schemes. 

I/O controller 11 has three main sections. 
MPUX is a microprcgrammable un;r provid- 

hLJ^?**?^ and cpm:o1 { ™™°™ 
Airn^" lh L 1/0 co ™° ] -kr and IXTFX. 
^ P T Vv P5 rforms similar functions with 
upt-v m 8 ma ? nctic "PC subsystem, 
AirUY provides motion control and ' ether 
operational related functions uniquely asso- 
ciated with the described I/O device. VTith 
other I/O devices.. A1PUY performs other 
functions—such as in a printer, a format 
arranecment control would be Drcrammed 
into MPL'Y. Th: third section is daTaTw 
circuits 13, which acruallv orocc«es in'crrm- 
tion-bearms signals bcrween" interfaces X and 
V Data flow circuits 13 mav consist of 
cnrirelv a hardware set of sequence and cir- 
cuits for performing information-bearine sie- 
nal exchange operations. In an I/O controller 
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associated with a magnetic-tape recording 
sysicm, such date flow circuits include writ- 
ing circ;: : ts for boih PE and NRZI, read- 
back circuits for both encoding schemes, 

5 deskewing operations, certain diagnostic 
functions" aid locginz operations asso- 

ciated with o?cr:tin:! V magnetic tape sub- 
system. . . 
* Since M?UX and MPUY arc indepcn- 

10 dentiy operable- each having its own pro- 



grams ci riLvc-instruciions. program svn 
chroniza»nn and coordination is required. To 
this end. exchange register networks are pro- 
vided. Had: MPUY has its own output cs- 
15 change registers, for example, MPUX has 
exchange ce ;K:crs 14 while MPUY has ex- 
change refers 15. These registers receive 
output figncls from the respective MPU s. 
The signals temporarily stored in these regis- 
20 ters are supplied direciiy to daia flow cir- 
cuits 13 fnr cnec.in- and rupervising data 
flow and siiinai oroccs-ing operations. This 
arrangement* makes the data How circuits i 13 
subservient to both MPUX and MPLY. 
25 Additionally such signals are simultaneously 
provided to the ether MPU— that is, register 

15 supplies MPUY output signals to MPUX 
and register 14 supplies die MPUX output 
signals to MPUY. The respective MPU s 

30 under microprogram control selectively receive 
such signals for program coordination. 

INTFX is a controlling interlace. It not 
only exchanges control sisnals with MPUX 
over cable 16. but also has trap control line 

35 17. When this line is actuated, MPUX 
aborts all present operation* and branches to 
a fixed address for analyzing signals on cable 

16 These signals simultaneously supplied 
over cable 16 force MPUX to perform 

40 INTFX selected functions. In a similar man- 
ner, MPUX has trap control line IS extend- 
ing to MPUY. MPUY respond* :o an actuat- 
ing signal on lme 1? from MPUX in the same 
manner that MPUX responds to a trap sig- 

45 na! on line 17. MPUY, in addition to ex- 
changing control signals over cable 20. with 
devices via INTFY. also has a trap line 21 
for controlling an I/O device in a similar 
manner. 

50 All information-bearing signals arc ex- 
changed between interfaces X and Y through 
data flow circuits 13 via full-duplex cables 
23 and 24. In FIGURE U data flow circuits 
13 arc choun as including a third MPL, 

55 MPUD, which has intimate control over 
special processing circuits 25 and 26 as well 
as bufTer svstcm 27. These special processing 
circuit* arc hardware sequences which trans- 
form signal formats from the respective inter- 

60 faces to an inte: mediate format usable m 
buffer svstero 27. Merely bv replacing cir- 
cuits 25 or 26. the I/O controller can oper- 
ate with a plurality of different signal for- 
mats. The micro- routines used in MFUU 

65 m.iv also be required to be changed. Of 



course, micro-routines in MPUY might have 
to be char.scd if difTcrcnt forms of I/O 
devices were" selected. For example, if a com- 
munication svr.cm, such a: a television cac.e, 
were substituted for the magnetic tape iystcni 
described in tr.is specification, radically dif- 
ferent micro-routines would be require-. 

FIGURE 2 is a sli;ht!y nvrc detailed \:i 
simplified diagram of an I/O controller ccr.- 
structed in ecccrdancc with the teachings cf 
the present invention. The control.:: uses 
hardware-scquenced daia flow circuit; 53. 
INTFX is the data channei described :n the 
Mover ct al patent supra. Insua-j of or.z data 
channei, two parallel da;a channels A and B 
.'not shown) are used. Such arrangements are 
well known. Data flow circuit-. 1? have chan- 
nel bus-in (CBn lines 30 ^.nd channel bus- 
out (CBO) lines 31 connectablc to eitner 
channel A or B. Each set of lines has. a cap- 
ability of transferrin? one bv-? cf data plus 
paritv. Similarly, tape unit bu.-m ,1>3!, 
lines' 32 transfer signals to deta :iow circuits 

13 and MPUY over INTFY. Tape un:t bus- 
out iTUBOJ lines 53 cany information-be-r- 
ing signals for recording in MPU's plus com- 
mands from MPUY and MTU addresses from 
MPUX. Status signals are scpF"-" oo?h tn 
MPUX and MPUY over status cable; 34 and 
35. Velocicv of tachometer signals jupphed 
bv the selected and actuated MiU are 
received over line 36 by MPUX, MPUY, and 
data flow circuits 13. 

MPUX has output bus 40 (also termed B- 
bus . supplving signals to its exchange registers 

14 These* inciuefc branch contra! rccis.er 41. 
register XA, and register XB. Output ru> 40 
is also connected to the channel exchanging 
registers 42. These registers are CTI and CBI. 
CBI is channel bus-in, while CT! is cnannel 
tag-in. CTI transfers the tag signals described 
in Moyer e: al patent and other cenrrol sig- 
nals for interface operations. 

Additionally, channel bus-out »CBO N gate 
43 receives bvtcs of data from INTFX for 
data flow circuits 13 and for MPUX. Gates 
XA and XB similarly gate exchange signals 
from the MPUY exchange register* 15. Gate 
XA receives the control signals from register 
YA while eatc XB receives exchange signais 
from register XB. CBI register is shared bv 
MPUX and data flow circuits 13. The CBI 
lines over INTFX arc multiplexed in accord- 
ance with the Moyer et al patent. CTI supplies 
tags indicating what the bu>-m signals mean. 

INTFY operates in an identical manner. 
Signals in TUBO (tape unit bus out) register 
output lines 33 are interpreted by the MTL>« 
in accordance with the signals in TUT AO 
(tape unit tag) register. 

External signals are supplied to MPUX 
and MPUY via external registers :0 and 51, 
respectively. Such external signals may be 
from another I/O controller, from a mainten- 
ance panel, communication network, nr.- th: 
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j like. Also, hardware detected errors r.re lodged 

; in register 52 for sampiing by .MPUX. 

! I/O controller II has 2n efficient initial 

selection process. MPUX responds to IXTFX 
70 5 request fcr :e;vice of an MTU to provide jhe 

MTU address over output lin: 40 into TU 
; address register 60. INTFY tra.n.rers :hc TU 

?odress to all M7U\. The tipprcpriateiy 

addressed MTU refund; xo Mf'Uf that the 
75 , 10 selection is permits jcic or net permissible. If 

permeable, a connection is rr.i.de: MPUY 
» noiihes MPUX via register YA. MPUX then 

completes the initial selection by responding 
| to INTFX via CTI. Data processing opcra- 
80 i 15 tior.s then can ensue. A retailed description of 
j this initial selection procedure is included for 
• c!e?.rlv showing the relauonbhips between 
i MPUX, MPUY, data 5cw circuits 13, and 
! the two interfaces X and Y. 



85 



j 20 



90 



95 



100 , 



105 



110 



115 



120 



125" 



25 



30 



35 



40 



45 



50 



55 



Microprogrammable Units (MPU's; 

The MPU's contain microprograms which 
determine the logic of operation of I/O con- 
troller 11. MPUX contains a set of micro- 
programs in its control memory designed to 
provide responsiveness and data transfers with 
IXTFX. In a similar manner, MPUY con- 
tains a set of microprograms for operation 
through INTFY* with the various MTU's. 
Registers 14 and 15 con lain signals from the 
respective microprograms which serve as in- 
puts to the respective programs for coordinat- 
ing and synchronizing execution oi various 
functions being performed. MPUD, when used 
in daw flow circuits 13, contains another set 
of microprograms designed for transferring 
data signals 'between the two interfaces for 
effecting data processing operations under the 
joint supervision of - MPUX and MPUY'. A 
better understanding of how the micropro- 
grams operate the hardware is attained by first 
understanding the logic construction of the 
MPU's which, in the illustrative embodiment, 
arc constructed in en identical manner. 

Referring more particularly to FIGURE 3, 
the MPU usable in I/C controller 11 is des- 
cribed in a simplified block diagram form. The 
microprograms are contained in read-only 
store (ROS) control memory 65. While a writ- 
able store could be used, for cost- reduction 
purposes, it is desired to use a ROS type of 
memory. The construction and accessing of 
such memories are well known. The ROS out- 
put sienals word, which is the instruction word, 
is located by the contents of instruction counter 
(IC 66. IC 66 may be incremented or decre- 



mented for each cyeic of operation of MPU. 
By inserting a n:w se: of numbers in IC 66, 
an instruction branch operar::>n is effected. 
The instruction ward from ROS 65 is sup- 
plied to instruction register IK) 6" which 60 
staticizes the signals fcr about one cycie of 
operation. The staticized signals ere supplied 
over cables 6S end (-9 to various units in 
MPU. Cabie 6S carries r.ignals representative 
o? control portion? of rhe instruction vrrd, 65 
such as the operation code and the like. Sig- 
nals in cable 6S are supplied to IC 6 3 for 
effecting branching and instruction address 
modifications. Cabie 69, on the other hand, 
carries signals representative of data addresses. 70 
These are supplied to transfer decode circuits 
70 which respond to the signals for controlling 
various transfer gates within MPU. The ether 
portions of the sienals are supplied th; ugh 
OR circuit 71 to ALU 72. In ALU 72. such 75 
signals may be merged or arithmetically com- 
bined with signals received over B-bus "3 for 
indexing or other data processing operations. 
MPU has local store register memory ("LSR: 
75 accessible in accordance with the aedress £0 
signals carried over cable 63. Address check 
circuit 76 verifies parity in the address The 
address signals may also he used in bm.nci. 
operations. AND Circuits. 77 are responsive to 
transfer decode signai; supplied from circuits 85 
70 th rough AND circuits 7S to transfer the 
address signals in an instruction word to IC 
66. Such transfer may be under direct control 
of the operation portion of the instruction 
word as determined by transfer decode cir- 90 
cuits 70 or may be a branch on condition 
(BOO as determined by branch control cir- 
cuits 79 which selectively open AND circuits 
77 in accordance with the conditions supplied 
thereto, as will become apparent. 95 

The data flow and arithmetic processing 
properties of the MPU center around ALU 
72. ALU 72 has two inputs — the A -bus from 
OR circuit 71 and B-bus 73. ALU 72 supplies 
output signals over cable 80 to D register 81. 100 
D register 81 supplies sraticized signals over 
D-bus 82 to LSR 75. Instruction decode cir- 
cuits 83 receive operation codes from IR 67 
and supplv decoded control sinnals over cable 
84 to ALU 72 and to AND circuit 7S for 105 
selectively transferring signals within MPL r . 

ALU 72 has a limited repertoire of opera- 
tions. Instruction decode 83 decodes four bits 
from the instruction word to provide 16 pos- 
sible operations. These operations arc set forth 1*0 
in the Instruction Word List below: 



130, 
» 



Instruction Word List 
OP Code Mnemonic Function 

0 STO Store Constant in LSR, A set to 0 

115 1 STOH Store Consent in LSR, Indexed Addressing 

■> BCL M3tch with Field 1, Branch to Addr in Field 

2 

3 BCH Match with Field 1, Branch to Addr in Field 

2 
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4 


XFR 


5 


5 


XFRH 




6 


BU 




7 


00 




S 


ORI 


10 


9 


ORM 




A 


AND 




B 


AD DM 




C 


AND 




D 


AN DM 


15 


E 


XO 




F 


XOM 



Contents of one selected LSR location is trans- 
ferred to selected register or selected input 
is gated to one selected LSR location 
See XFR above plus indexed addressing 
Branch to 12-bit ROS address in instruction 
word 

Not used — iliegal cede 

A OR'd with B. result stored in LSR 75 

A OR'd with 3, resulr not stored 

A plus B ; sum stored in LSR 75 

A plus B, sum no: stored 

A ANDed with E, result to LSR 75 

A ANDed with 3, result not stored 

A Exclusive OR B, result to LSR 75 

A Exclusive OR B, result not stored 



In the above list, the letter "A" means A 
register 85, , 'B" is the B-bus, and the 
mnemonics are for programming purposes. 

20 The term "selected input" indicates one of the 
.hardware input gates (92, 94, 96, 9S) to the 
ALU output bus SO. The term "selected regis- 
ter" indicates one of the ' hardware" registers 
in MPU. These include the interconnect regis- 

25 ters 14 and 15 (FIGURE 2), tae register 74, 
bus register 99. address register 60, and IC *6. 
Note that transfers from LSR 75 to these 
selected registers is via B-bus 73. In FIGURE 
2, the B-bus for MPUX corresponds to cable 

30 40, while the MPUY B-bus is cable 40A. 
Registers 14 receive signals via AND circuits 

86 and 87. In MPUY, AND circuits 56 and 

87 supply signals to exchange registers 15. 
Branch control 79 in FIGURE 3 is the inter- 

35 nal branch control. Branch controls 41 and 
41 A of FIGURE 2 supply their signals res- 
pectively over cables SS and S7A to the res- 
pective MPU's. These branch controls are 
separate circuits. Tag register 74 in FIGURE 

40 3 for MPUX corresponds to CTI register in 
the channel exchange registers 42. For MPUY, 
it corresponds to TUT AG register connected 
to INTFY. In a similar manner, bus register 
87 for MPUX is register CBI in channel cx- 

45 changing reeistcrs 42, while in MPUY it is 
register TUtO ftape unit bus out\ Address 
register 60 of FIGURE 3 corresponds to TU 
address register 60 of FIGURE 2. MPUY 
address register 60 is not used. 

50 Status register 89 has several output connec- 
tions from the respective MPU's. It is divided 
into a high- and low-order portion. The hich- 
ordcr portion has STAT (status", bits (^-3, 
while the low-order portion has STAT bit 0 

55 plus STAT bits 4—7 .'referred to as STAT 
A through STAT D* respectively). The low- 
order portion is supplied re the branch control 
79 of the other MPU's. The bits 0 and 4 — 7 
arc supplied to the data flow. Bit 7 addition- 

60 ally is supplied dircctlv to the ALU 72 of 
the MPUY as indicated by lines 90 in 
FIGURE 2. This corresponds to a self- trap- 
ping operation which wiil be later described. 



Interpretation of the STAT bits is micro- 
program determined. 

The signal-receiving portions of each MPU 
are in four categories First, bus register 91 
is designed to receive tegs and data bvtcs for 
MPUX — this corresponds to CBO recbter 43 
of FIGURE 2. An MPUY bus register 91 is 
TUB! rtape unit bus register. AND cir- 
cuit 92 is responsive to the transfer decode 
signals from circuit TO to sclectivciv ca:e bus 
register 91 to D register 81. From ther.ee, the 
data bytes are supplied to LSR 75. Secondly, 
D register SI also receives inputs from hard- 
ware error register 93 via AXD circuit 94. 
Hardware error signals (parity errors, etc.) are 
generated in circuit 95 in accordance with 
known techniques. Thirdly, AXD circuit 96 
receives externa! data signals over cable 97 
for supplying same to D register 81 under 
microprogram control. Fourthly, interchange 
registers 14 and 15 respectively supplv sig- 
nals to pairs of AND circuits 9S which selec- 
tively gate the interchange signals to D regis- 
ter SI under microprogram control. The 
receiving microprogram controls the reception 
of interchange signals from the other MPU. 

Generally, the outgoing signals from each 
MPU are supplied via B-bus 73 ; also a main 
input bus to ALU 72. The signal-receiving 
bus is the D-bus, which is the input bus for 
LSR 75 and the output bus for ALU 72. 

Since ALU 72 has a limited repertoire of 
operations, many of the operations performed 
are simple transfer operations without arith- 
metic functions being performed. For example, 
for OP code 4, which is a transfer instruction, 
the contents of the addressed LSR is trans- 
ferred to a selected register. This selected 
register may be A register 85 in addition to 
the output registers. To add two numbers 
together in ALU 72, a transfer is rirst made to 
A register S5. Tne next addressed LSR is 
supplied to the B-bus and added to the A 
register contents with the result being stored 
in D register SI. At the completion of the 
ADD cycle, the contents or result of D rcgii- 
rcr SI is stored in LSR 75. If it is desired 
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\ to output the results of the arithmetic opera- 
j ticn, then another cycle is used to transfer the 
results from LSR 75 over B-bus 73 to a selec- 
ted output register, such as one of d:e intcr- 
5 change registers or bus register S7. 

In FIGURE 3, the input to D recistcr SI 
is cither cable 44 or 4 * A of FIGURE 2. Hard- 
ware error circuit 95 and error register 93 of 
FIGURE 3 correspond both to the hardware 
10 error circuits 52 and 52A of FIGURE 2. 
External cables 97 receive signals frcm the 
external recisters 50 and 51 respectively fcr 
the two MPU's. 
It is understood that MPUD has a similar 
15 set of exchanging registers respectively with 
j both MPUX and MPUY. 
! AND circuits 9S of FIGURE 3 correspond 

I to the gates X A, XB, YA, and YB of FIGUR E 
2. 

20 Each MPU is trapped to a predetermined 
routine by a signal on trap line 17 or IS, 
respectively. The trap signal forces IC 66 to 
| all zeroes. At ROS address 000, the instruc- 
tion word initiates X-trap routine (FIGURE 
; 25 15) or Y-trap routine /FIGURE 25). For 
reliability purposes, it is desirable to force 
MPUY to inactivity. This means that clock 
osciliator 98 is gated to an inactive state. Dur- 
ing normal operations, clock 98 supplies tim- 

30 ing pulses to advance IC 66 and coordinate 
operations of the various MPU's as is well 
known. Whenever MPUY has finished its 
operations, it sets stat D in register 89. Stat 
D indicates MPUY has finished its operations 

35 as requested by MPUX. The srat D signal sets 
hold latch 99A indicating that MPUY is inac- 
tive. Hold latch 99 A gates clock 98 to the in- 
active condition. When MPUX traps MPUY, 
not only is IC 66 preset to all zeroes, but 

40 hold latch 99A is reset. Clock 98 is then en- 
abled for operating MPUY. For design choice 
reasons, MPUX is not inactivated in this man- 
ner. MPUX has an idling routine which is 
later explained. . . 

45 Examination of the MPU's shows that the 
computing capability is substantially less than 
that required for ocrforming all I/O control- 
ler functions referred to in the microprogram 
description. Duplication of hardware is useful 

50 to reduce manufacturing costs. 

Data Row Circuits 13 
The hardware-designed data flow circuits 
13 are shown in full logic fcrm in FIGURES 
4 and 5, while FIGURE 6 is a simplified 
55 diagram of an MPUY-controIIcd data flow 
circuit. 

In FIGURE 4. data signals are received 
over cable 32 before conversion of the data 
signals from a tape-format form to INTFX 
60 form. Signal envelope detection circuit 100 
verifies that signals are repetitively received 
over cable 32. Upon detection of an envelope, 
appropriate signals are supplied over cable 
35 to MPUY. "Also, input-gating circuits 1C1 



receive an actuating signal enabling the input 65 
signals to be passed to one of the detection 
circuits 102 or 103. The formar of the sig- 
nals in input cabic 52 indicates whether the 
tape format is PE phas: encoded) or NR2I 
.'nonreturn to zero-IBM:, i hese two record- 70 
ing schemes are rcscsctiv:;v shown in U.S. 
Pa'tents 2J54.1S6 end 2,7" -,646. Control and 
timing circuits 104 are responsive to a burst 
c: ones, commonly rcrcnea to 2s a preamble 
or postambie, fcr indicating that a PE signal 75 
is being received. A latch (net shown") is set, 
and the control s ; gnals are supplied to input 
gating circuits 101 to direct the signals to PE 
detection circuits 103. Such circuits may tike 
one of several forms which is not pertinent to 80 
the practice of the present invention. On the 
other hand, if control circuits 104 detect 
KR2I, then the input signals arc directed to 
detector 102. The outputs of detectors 102 
and 103 arc in the same format and are sup- 85 
plied through OR circuit 106 to butter regis- 
ter 107. From thence, the signals are supplied 
over cable 30 as shown in FIGURE 2. 

Upon detection of each byte of data, which 
may include deskewing operations, control 90 
signals arc supplied over cable 34 to MPUX 
for coordination with INTFX. Additionally, 
status signals from control and timins circuits 
104 indicate to MPUX and MPUY* whether 
XRZI or PE signals are being detected. Detec- 95 
tors 102 and 103 may be adaptive — that is, 
their operation may van* with the velocity of 
the tape in the various MTU's. In PE detec- 
tor 103, the self-clocking ch-.rjcterisrics of PF. 
may be sufficient to tree;; fr;auen;y variations 100 
of the input signal. In XRZI detector 102, 
tachometer signals received over line 36 are 
used to vary the length of the gate — that is, 
in XRZI detection, the first-occurring transi- 
tion in a byte turns on a timer having a pre- 105 
determined timc-ou: peritd. Any sirtnals occur- 
ring in that time-out period are defined as 
being in the byte astociatcd with the leading 
bit. As the tape velocity varie*. the bytc-pcriod 
duration varies. The tachometer signals on line 110 
36 alter the time-out period such that the 
period varies in accordance with tape velocity 
variations. 

Signal envelope detection circuit 100 also 
supplies control signals over cable 33 indicat- 115 
ing that the detection threshold in the various 
MTU's should be chanced. For example, if 
there is a track in error (TIE\ the threshold in 
that particular track thould be raised. MPUY 
additionally controls threshold level through 120 
control signals placed in the TUSO register 
to OR with signals over cable ?3. MPUY can 
therefore selectively modify or override 
threshold signals from the signal envelope 
detection circuit. 125 

Write data Cow is shown in FIGURE 5. 
The signals to be recorded by the various 
MTU's are received over cable 31 and stored 
temporarily in write data buffer register 110. 
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Note there is no input gating such that write 
data buffer 110 must receive all the signals 
supplied by INTP'X. When such a signal is 
applied; MPUX actuates timing and control 

5 circuits III to activate AN*D circuit 112 in 
timed relationship with the write signal genera- 
tion circuits 1 13. Vi rile signal generation cir- 
cuits are ihoti :;.-.:rns:v use- for generating 
PE or NRZI signets, as is well known. The 

10 digital generated signal' arc supplied over 
cable 33 to the addie ;«cd MTU. Tachometer 
sisr.ah received over line 3C may be used to 
provide automatic density control of the w-ritc 
Sana's such that thcze is a constant demit) 

15 recorded on tape. 

In FIGURE c\ MPUD is connected res- 
pective! v to interfaces X and Y via cables 
30— ?3" through biirfer stores 116 and 117. 
Tachometer $rgn?is received ever line 36 arc 

20 supplied tc a br;::ich control circuit in MPUD 
for controlling density recording during a 
write operation. Microprograms in MPUD for 
a rce-d d:i!a flow includes microprogrammed 
timing subroutines which meter the one-half 

25 wave lengths of the input signals. The one- 
half wave length durations ar: then used in 
an analytical program for determining whether 
PE or XRZI is being received. Once this has 
been set up, the program branches to a XRZI 

50 or PP. detection routine. The NRZI routine 
includes a time-out microprogrammed routine 
which performs i:i the same manner as the 
time-out circuitry cf XRZI detector 102. In 
a similar manner, time-out subroutines are 

35 used in the PE detector which effectively 
meter thv duration cf the one-half wave lengths 
of the PE and use the information derived 
therefrom for ascertaining the data content 
of the PE signal In FIGURE 6, no special 

40 preceding circuits are provided for MPUD — 
all of the speciai processing being performed 
bv programming techniques. 

If the arrangement of FIGURE 1 for 
MPUD is used, special processing circuits 26 

45 correspond to detectors 102, 103, and signal 
generation circuits 11?. 

Special processing circuits 25 merely arc 
the buffer registers ihown in FIGURES 4 and 
5. In the event that IXTFX had special for- 

50 mats, circuits 25 convert the detected signals 
to the appropriate signal formatting. 

Microprogramming Generally 
FIGURE 7 shows general relationships 
between the micro- routines of MPUX and 

55 MPUY. This showing is greatly simplified to 
give a general impression cf how the micro- 
routines cooperate to perform I/O controller 
functions. Many cf the functions performed 
bv these micro- routine- have been performed 

60 before in other I/O controllers, usually by 
hardware sequences. Correlation of selected 
microprogram routines with previous hard- 
ware routines are *c: forth in some of the 
detailed description following this section. 



Some micro-routines of lesser importance n i> 
the present invention have been omitted for 
clarity. The described routines were selected 
to illustrate the operating relationships of 
MPUX. MPUY, and data" flow circuit, 13. 

X iJlcscan 120 and Y idlescon 121 mcnitcr 7" 
pending status, interrupt status, and p-cvtde 
inter-communication between the two MPU's 
for aseertainins the availability o: device- 
connected v INTFY. X idlescan 120 includes 
trapping MPUY via Y idiesean 121 for polling 75 
INT FY to determine avaihhilitv of an .MTU 
addressed by IXTFX. Included' m Xjdlescsr. 
is a wait routine which idles MPUX umil 
trapped bv IXTFX. IXTFX ;raps MPUX to 
ROS 65 address 000. At MPUX PxOS address c; 
000, X-trap 122 begins. During the caution 
of X-trap routine 122, MPUY is trapped to 
ROS address 000 to iatcr execute V-trap 
routine 123. In X-rrap 122. CTO i:. sensed 
for initial selection. If the initial selection tr.g 
is active, X-trap routine branches the micro- 
program to X -initial selection 125. If mere 
is no initial selection, then cither X-rcset 126 
or an ALU diagnostic within d:irmo. : :;c 12? 
is performed. Upon completion of truce rur.c- $v 
tions, X idlescan 120 nay be re-entered to 
complete MTU scanning operations. Initial 
selection 125 is responsive to certair. hard- 
ware errors received over line 12$ senfed as 
described wiih respect to FIGURE 3' to stop VS 
I/O controller 11 for indicating detected hard- 
ware cn-ors. A primary function of initial 
selection 125 is interrupt proeessine. es des- 
cribed later with respect to FIGURES S ct 
scq. K * 

During an initial selection. X-pcl!ed 129 
is entered to further identify the IXTFX 
request. Also, certain branch conditions are ; 
set up in LSR for use later by X-terminaticn 
130. MTU addrets verification may rc per- ICf; 
formed. Upon completion cf the brench set- » 
ups, the X-polled 129 initiates X-status i52. 
X-starus !32 activates CTI 10 send to; signals 
to INTFX indicating controller status in res- ! 
ponsc to the previously received INTFX rc- ) 
quest. Based upon the branching set up in j 
X-po! led 129, the microprogram execution | 
may follow several nmtcs. These primarily end j 
up in X-termination 130 v hich tenrvnates the 
MPUX operation. MPUX then rcans for 115; 
further interrupts. With all scanning com- \ 
pic ted. MPUX waits for further instreaions • 
from IXTFX. | 

Another important routine is service return ■ 
fSERVRTX s 135 used in coniuneticn with i20 
IXTFX for timing and control purposes dur- 
ing data transfers. The operation of the above- ; 
rcterred-to data channel operation in Mover 
et al is implemented by service return 135. 
Another possible routine entered irom initial 1-- 
sclcction 125 is X mode 136, which determines 
the mode of operation in trw controller in res- 
ponse to IXTFX CMDO Commend Out 4 
signals. X-read type and test 137 u entered 
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in the event the initial selection results in a 
read operation. X-rcad tvpc and test 13" traps 
MPUY to predetermined addresses, as later 
explained, for initializing a read operation in 

5 MPUY. In a similar manner, X write 13$ is 
entered end also trap* MPUY to anothcrjub- 
routine for initializing wri.e operation. Enor 
status 139 crsnficrs crr-.T mforruiion through 
INTFX to CPU. This ratine ii closely e?so- 

iO ciatcd with initializing I/O controller 11 for 
read or write. Sense 140 |« entered in response 
to a sense command. :i:::-;rt: transfer: :.cnse 
bvtcs to CPU for analysis, X- termination 130 
also traps MPUY' ir. connection with the 

15 selecting activated MTU's and for perform- 
ing other functions in connection with termi- 
nating an opcratio:: previously initiated 
through INTFX as will b: described. MPUY 
micro-routines respond v* MPUX micro- 

20 routines for controlling -arious MTU's via 
INTFY. These micro" -routines also transfer 
information control ih*ral> from INTFY to 
MPUX for retransmittal to IXiFX. Up^n 
bcinL' trapped bv MPUX, Y-trap 123 obtains 

25 an MFUY ROS address from XB register and 
then branches to that address. Such ROS 
addresses arc the first innniction address of 
several MPUY microDfcgrams. For example., 
one address initiates diagnostic 142. Diagnos- 

30 tic 142 initiates motion control activity in 
motion control 143, reading acriviiv in Y-read 
144, writing activity in Y-write 145, velocity 
analysis in Velocity 140, or termination in Y- 
termi nation 147. Diagnostic 142 may also per- 

35 form internal diagnostic functions such as 
ALU operation c heel; in;. On the other hand, 
Y-trap routine 123 ma*: branch to Y-ini:ial 
selection 14S to initialize MPUY for activity 
set forth in additional com.rci signals from 

40 MPUX in registers 14. This may include an 
initiation of status 149, termination 147. or 
Y-idlcscan 121. The MTU operating routines 
143 — K 4 6 may also be initiated from initial 
selection 14S. As will become apparent, in 

45 addition to exchanging control signals via 
registers 14 and 15 r status information is 
freely exchanged between the rvvo MPU's for 
microprogram coordination. 

In the following detailed description, the 

50 idlcsccn routines arc first discussed in detail. 
This discussion shows some of the inter- rela- 
tionships between the two MPU's and the 
micro-routines. It is also useful to show how 
control information is transferred from 

55 MPUX via registers 14 to MPUY, as well as 
exchange of status information via status 
registers 59 in the MPU's. Then, the MPUX 
microprograms are described in simplified 
form to show what function MPUX performs 

60 in I/O controller 11. Discussion of MPUX 
and MPUY sense shmv> transfer of signals 
from MPUY to MPUX via registers 15. Thi« 
discussion ij followed by a similar discussion 
cf MPUY microprogram?. Finallw a di«cu<- 
65 sion on the relationship of data flow circuits 



13 responsiveness to the microprograms com- 
pletes the description. 

I 

Interrupt Scanning 
Idlcscan Microprograms — MPUX and 
MPUY 

FIGURES S ar.d 9 rcrpeciiveiy show in 
intern: cai ate ri v »v-diagram f<:rm X- and i- 
i die scan microprogram-. Pertion- of P ro * 
crams scan fcr interrupts from I N'T FX zrA 
verify the aceessabiiity oi MTU*:; whether or 
no: a previous INTFX request had been 
received and supply status information jo 
INTFX for subsequent actio-:. FIGURES 
10 — 14 are mere detailed dieerum, shcv.ir; 
the functions performed during interrupt 
scanning This is referred to as DEPRIME, 
which means DEVICE END PRIME. Vine:: 
a MTU has finished its function, it supplies a 
NOT BUSY signal. MPUY scans some LSR 
registers called DEPRIMES in which actio: 
requests (PRIMES^ from INTFX are stored. 
Upon receipt of a DEVICE END 5 can request 
from MPUX, Y-idlcscan 121 checks these 
LSR registers for PRIMES. Upon detection 
of a PRIME, the associated MTU is checked 
for presence of the NOT BUSY signal. If 
present, the information is supplied ic MPUX 
for forwarding to INTFX. A comparable 
hardware sequence version of this same func- 
tion is fuilv described in U.S. Patent 
3,404.376. The design of the present I/O 
controller enables a microprogram perform- 
ance of this function. The microprogrammed 
versicn reduces costs by enabling time snar- 
ing hardware among various functions. 

Upon initial start up, i.e.. depression of a 
star button, all statu-: in the I/O controller is 
cleared. MPUX is hardware trapped and pro- 
ceeds to execute :» MPUX checkout routine 
'nor shown). MPUY is released from trapped 
status to execute its MPUY checkout routine 
(not shown). Upon successful completion ^no 
errors) of both routines :not shown > .MPUY 
is again hardware trapped and MPUX enters 
IDLESCAN. 

Upon a trap by INTFX, X-trap 122 and 
initial selection 125 arc entered. Then, idlc- 
scan 120 is entered for checking pending status 
and determining interrupt status. The term 
•'idlescan" is the code name for entering check- 
ing pending status 152. This subroutine is not 
shown in "further detail. The functions per- 
formed are easily microprcgrammable. Such 
functions include initially resetting control 
unit busy .'CUB) flag for INTFX. This means 
that the microprogram determines the busy/ 
not-busv status* of I/O controller li. Such 
action includes checking for stacked requests, 
queues, reserved pending status of I/O con- 
troller 11. chained, and conditional cennec- 
tion conditions. If there is pendin? status, 
termination 1:0 is entered as more fullv ex- 
plained with particular reference to FIGURE 
li\ If I/O controller 11 is in a chained condi- 
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tion, ihcn the wait-for-selcctior. rouiinc 150 is 
re-entered until INTFX issues the next 
chained command. (Chaining dedicates a 
MTU to a predetermined sequence of opera- 

5 tions under I XT FX ccr.trel which canr.c: be 
interrupted.) Next, whether or not a condi- 
tional connection has been made to INTFX 
is deterniir.ee. I: so, i.e., the connection is 
conditioned on ability to perform the function 

10 requeued, it muit wait until INTFX has 
determined whether o: net it wants the sub- 
system including a MTU to perform a given 
function. A conditional connection occurs 
when I/O controller il supplies an indication 

15 of an equipment taiiurc cr the like. If none of 
the above conditions are detected, a pending 
status register in LSR is cicared. 

In seme peripheral subsystem, INTFX 
actually may consist :f more than one data 

20 channel. Such an arrangement is called MIS 
(multiple interface switch;. Such a switch 
usually hes two data channels, A and B. By 
arbitrary definition, channel A has priority 
in requesting service over channel B. When 

25 such a feature is included in INTFX, died: 
pending status 152 series for outstanding re- 
quests from both char.n:L and also senses 
priority. STAT B active indicates channel B 
and when inactive indicates channel A. Any 

30 status detected is set forth cither in LSR of 
MPUX or in status register bit A, which is 
the internal EOC (Branch on Condition). If 
check pending status 152 ascertains there is 
no pending status and the controller is net 

35 chained, previously received interrupt requests 
for an MTU that were busv are scanned. 
These arc termed DEVICE END PRIMES 
(DEPRIMES). Such scanning is fully des- 
cribed in U.S. Patent 3,404.376. 

40 Scanning DEPRIMES rccuirc micro- 
routines in both AiPUX and MPUY The 
DEPRIMES are stored in LSR of MPUY in 
four LSR registers as tabled below: 

TABLE 1 

45 Dcprimes Mapping — LSR in MPUV 



LSR Byte INTFY MTU 

Address Channel Addresses 

111 A 0-7 

112 A 8—15 
50 113 B 0—7 

114 B 8-15 



In the above table, I/O conrrollcr 11 has 
the capabilitv of cemmunicattnff through 
channels A and B of INTFX and MTU 0— 

55 15 of INTFY. Any MTU is collectable to 
cither channel A or B via I/O controller 11. 
LSR byte addresses 0111 — 0114 are arbitrarily 
selected. Each M : U has enc bit position in 
the respective LSR byte registers. Each bit 

60 positicn corresponds to the iaich used in 
U.S.A. Patent 3.404.37(. The micro-routines 
scan LSR looVir- for one ^PRIMES' in the 
bi: po-itions. Upon detection of a one, INTFY 



is interrogated to determine the busv/not-busy 
status of the respective MTU. INTFY replies 63 
via MPUV indicating whether or to: MTU 
is available. If there has been a DEVICE 
END received from tine addressed MTU. an 
effective connection is made from INTFX to 
IN'TFY for transferring data sisnals "ceiween 7* 
CPU and the adre:sed MTU. If the MTU is 
busy, the scan proceeds until a PRIME is 
found cr the scan completed. No PPJ.MES in 
LSR bytes Hi— 114 indicate there are no 
outstanding rccucsts. Therefore. UDon com- 75 
plction of" a scan with no PRIMES, IDLE- 
PEN D 150 is entered to wait for further j 
INTFX aetion. ( 

In FIGURE 8, upon completion of check ; 
pending status 152, four subroutines for inter- SO 
rupt scanning arc serially entered. The first 
:s X-DEFRIME 154. This subroutine sets up 
MFUX for interrupt scanning and traps 
MPUY to EXEXDEP in Y-DEPRIME 155 
."FIGURE 9). MPUY subroutine 155, ex- 15: 
plained in detail later with respcet to i 
FIGURE 11, scans its LSR byte registers • 
111—114 ns set forth in Table I. Upon 3 j 
hit, the MTU address is supplied to i:s inter- . 
change register YA: and the 3 bit cf its stat 90. 
register S9 is set. MPUX, upon detection of 
stat-3 active, fetches the device address via 
YA gate 97 (FIGURE 2\ Scanning requires 
thai MPUX set its stat-C oi; to indie Jte that 
an MTU is bcins; selected. MPUY. upon 95 
sensing MPUY stat C, enters check MPUY 
srarus~156. This subroutine not enly fetches 
the MTU address, but alse checks various 
status bits, errors, and stores Lie statu? in its 
own LSR. The MTU address is verified in hV 
subroutine 157. 

After address verification. MPUX enters X- 
poil INTFY 15?. Subroutine 15S traps 
MPUY to EXECPOLL in Y-poll INTFY 
160. In subroutine 160 ? MPUY polls INTFY 105 
for its activity and status. As soon as INTFY 
is detected as being active, i.e., the selected 
MTU has responded, the scanning sequence 
is returned to MPUX indicating that INTFY 
has been polled (MPUY stat C is active). UO 
MPUX then responds by setting the device 
status in its own LSR and suppivinz control 
sicnals to INTFX entitled "SUPPRESSIBLE 
REQUEST IN*' which indicate to CPU that 
the peripheral subsystem is available for per- 115 
forming the requested function. MPUX exits 
X-poll INTFY 15S to IDLEPEND 150. It 
then waits for CPU to initiate further action. 
MPUY exits subroutine 154 to wait MPUX 
via POLLMTIX as explained with respect to 120 
FIGURE 11. 

With particular reference nrw tc FIGURES 
10 and 11, the X-DEPRIME 154 and Y- 
DEPP.IME 1:5 subroutine are described. ^ 
Interrupt scan is initiated threush the entry I-^ 
of X-DEPRIME 154 at 163. The first action 
is to set DEVICE END in LSR and clear 
MPUX status register S9 to all zeroes. This 
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notion indicates that channel A activity is 
05 being checked first and that no MTU is being 
: seiccicd. Then, in test step 164, MPUX 
i determines whether or not I/O controller 11 
i 5 lias been previously reserved by IXTFX. If 
: it has been reserved, then in step 165. MPUX 
70 determines whether or not it is channel A or 
; channel B. If it is channel R. star B is set to 
4 T* requiring MPUV to s:an channel B DE- 
: 10 PRIMES. Otherwise, sia: B is resc: indicating 
i that channel A DEPRJMES are to be scanned. 
75 ! In the event that I/O controller !1 wjs no: 
■ reserved, step 165 i c bypassed. 

In step 166. MPUY is trapped to Y- 
15 DEPRIME at EXECDEP 155. At this time, 
MPUX may enter another program rcruming 
80 i to check MPUY status 156 at some later time, 
i In this description, MPUX idles until MPUY 
i has completed Y-DEPRIME 155. 
i 20 Upon being trapped, MPUY enters Y- 
! DEPRIME subroutine 155 at PO 'FIGURE 
85 11). First, MPUY determines whether chan- 
i ncl A or channel B is to be scanned. This 
J affects LSR addressing during the scan opera- 
1 25 tion. Depending on whether channel A or B 
is indicated by MPUX stat B, steps 171 or 
90: 172 are entered. These steps -set MPUY to 
; cither scan A or B DEPRIMES. If ;;;crc arc 
j no hits in the scan, MPUY sets stat D ;no 
i 30 primes found; in step 17? and waits for 
; MPUX. When no DEPRIME is found in 
95 j step 179 at a given LSR location, the micro- 
i program indexes the scan in step 177 to the 
I next MTU address. The scan count is also 
i 35 indexed. Decision step 17S compares the scan 
! count with the number of attached MTU's. If 
100 the scan is completed, no DEPRIMES were 
found. Then step 173 sets stat D and MPUY 
waits MPUX. If the scan is not done, the next 
40 DEPRIME location is examined in step 179. 
Upon detection cf a DEPRIME in step 
105 179, the MTU address is supplied to YA and 

stat B is set. Stat C informs MPUX that the 
MTU address is available in YA. MPUY at 
45 ISO then waits for MPUX to fetch the MTU 
| address. When MPUX sets its stat C 
lio! (FIGURE 12, step 1S9), then MPUY resets 
j its stat C for continuing Y-DEPRIME 155. 
! As soon as MPUX sets stat C, MPUY 
; 50 executes step 1S2 to determine whether or not 
| the addressed MTU is switched, i.e., connected 
115 j to another I/O controller (not shown). If so, 
| the addressed MTU is not available: and the 
I scan continues via indexing step 177. When 
. 55 the addressed MTU is available, its sense data 
it fetched in step 185. Stat C is then reset. 
120 '. Next, in decision step 181, MPUY determines 
[ whether or not the addressed MTU is busv. 
j If it is busv, then the scan is continued via 
I 60 indexing step 177. When the MTU eorres- 
i pendine with the sensed DEPRIME is not 
J25 busv, MPUY sets stat C in step IS? and enters 

5 Y-idlescan fFIGURE 9' via POLLMTIX. 
! In POLLMTJX 'FIGURE 9\ MPUY waits 
65 at 186 for MPUX to sc; stat C (FIGURE 



12). .MPUX has fetched MTU address from 
YA. As soon as MPUX stat C is sensed, 
MPUY ciears DEPRIME in LSR and sets 
stat D to wait MPUX. 

Returning now to MPUX, its last-described 70 
operation was step 166 FIGURE 10' where- 
in n trapped MPUV to perform the operations 
just described with r:-p:c: to FIGURE 11. 
MPUX may then enter o-.her program*; but, 
cvcntuallv, it re:urns to the idlescan routine 75 
at 1ST of FIGURE 12 kr checking MPUY 
status. First of cM in step 1SS, MPUX deter- 
mines whether MPUV ha: set stat C cr D, 
i.e., whether cr net a DEIPRIME has been 
detected or a scan hr.s bee:: :omp:e:ee. MPUX SO 
waits at 1SS until one of the two MPUY stats 
are activated. First, assuming that star C is 
set, then the MTU addre:-; must be verified. 
In step 1S9, MPUX fetches the MTU ad. J res: 
from YA regiiter 15. This MTU address :s &5 
then transferred in step U<9 to TU address 
register iSO (FIGURri 2\ Simultaneity, a 
tag line to MTU's ;.net shown} enticed 
"select" is activated sucn that even* MTU 
examines the address in TU register eO. 90 
MPUX also sets stat C to indicate to 
MPUY that the MTU is being selected. 
Assuming that AIPUY stat C remains 
on, in branch step 190, tr.e mic:v- 
routine moves to step l?i wherein the MTU 95 
address is transferred to LSR. This is a 
memory operation such that MPUX can per- 
form later-described operations with reeerd 
to the selection of the r.ddressed .MTU. Then 
the X-termination 130 is entered at TERM- 100 
STAT informing IXTFX of the acquired 
status data and enables MPUX to wait for 
further instructions. 

Next, assuming that MPUY stat C is orT 
:MTU address was not in YA\ stat B of 105 
MPUY is on 'MTU address now in YA): then 
the routine is re-entered at point 192 where- 
in the MTU address is fetched from YA. 
When stats B ? C and D arc all ol!. MPUX 
waits MPUY at 193 until one of th: three HO 
stats is set. Assuming next that MPUY stat 
D is set on and stats E and C arc off, further 
status checking is required. There may be an 
error. First, if there i? an error, an ALU 
diagnostic fDIAG 12?) is entered. If there is 115 
no error, it is again checked whether cr not 
the I/O controller has been reserved bv 
INTFa. If it has been reserved, X-polIed 129 
(FIGURE 17) is now entered. This is done 
to determine whether or not the I/O controller 120 
has been polled on a reserve status. Simiiarlv, 
if MPUX stat B is on, the same routine is 
entered. If both of these conditions are oil, 
men MPUX sets stat B and B-interfacc flag 
channel B active). After doing this, the rout.rc 125 
is re-entered at point 192 until a change in 
stams causes the micro-routine to branch to 
one of the other above-described destinations. 

Returning now to the wait evele 188. assume 
that MPUY stat D is on, i.e., no DEPRIMES 130 



have been detected. First, in step 195, MPUY 
error indications ere checked. If there is an 
error, a diagnostic routine operable with the 
MPUY is entered. If there is no error, the 
5 reserve status of 7/0 controller is checked in 
step 196. If it is reserved, or if controller 11 
is not reserved ar.d MPl'X stat B is cn', then 
X-poiled 129 shown in FIGURE 13 is entered 
at POLLMTI. This routine will initiate pcl- 

10 ling an addressed MTU to determine its status. 
If the MPUY sut C i* on, the A DP. PRIMES 
have been scanned such that B D5.PRIMES 
may now be scanned. The B-interfaee ri3g is 
set on, and the rr.icro-rcurine rciurns to step 

15 16(3 in FIGURE 10 for trapping MPUY to 
scan B DEPRIMES. 

X-poUed 129 .'FIGURE 13^ is performed 
a: follows. Firsr. in step COO. LSR registers 
containing motion control and status inferma- 

20 ticn are cleared in preparation fcr acquiring 
starus data from the polling. !n steo 201, 
MPUX traps MPUY to Y-poll INTFY 160 
at EXECPOLL as next explained with res- 
pect to FIGURE 14. 

25 MPUY enters Y-poll INTFY 160 via 
MPUX trap. First, in s.ep 202, MPUY deter- 
mines whether or not INTFY is active — that 
is, are there any control signals being received 
from MTU. If ihcre are not anv, stat D is ret 

30 in step 205; and MPUY then waits MPUX. 
Stat D provides communication ic MPUX 
to ensure that it will follow the correct micro- 
routine. When IXTFY is active, selected 
scratch-pad registers called "work 1" in LSR 

35 arc cleared. Stat B is then set to the active 
condition indicating to MPUX that INTFY 
is active. Then MPUY proceeds, to waiting 
eveic 204 until MPUX sets stat C active 
(MPUY may proceed*. 

40 Meanwhile, MPUX had been waiting in 
two-step decision cycle 205 (FIGURE 13^ for 
MPUY to set either stat B or D. If stat D is 
set and MPUY had been trapped for determ- 
ining INTFY activity, an error may have 

45 occurred in the subsystem. Accordingly, a 
diagnostic routine is entered. If MPUY stat 
B has not been reset, MPUX waits for MPUY 
to sc: stat B in step 206 in FIGURE 14. 
MPUX then moves to raise the select line (not 

50 shown) in INTFY ana resets the tape unit 
address register 60 to all zeroes. This initiates 
a scan of MTU addresses until MPUY sets 
stat C cn, i.e., INTFY becomes active. 

This scan loop includes setting stat C in 

55 step 20S causing MPUY to execute Y-scan 
cycle 209. Scan cycle 209 has its correspond- 
ing MPUX scanning io Y-scan evele 210. 
MPUY waits at 204 until MPUX has set 
stat C in step 20S. Then, MPUY determines 

60 in step 211 whether or not INTFY is active. 
If it is active, the addressed MTU is ready to 
go; and stat B is set in step 212. Then, the 
micro-routine exits the Y-pollcd subroutine 
and enters POLLMTIX of FIGURE 9. If 

65 INTFY ;s inactive, MPUY in step 213 adds 



one to the index and sets stat C. Setting s:at 
C informs MPUX that the addressed MTU 
was not active. Then. MPUY ws;ts a: 204 
until MPUX has again set stat C. 

The corresponding Y-scan evele 210 in 70 
MPUX : FIGURE 13* includes a we:: evcie 
having steps 2U, 215. and 216. Step 214 
senses whether o: no: stat C of MPUY :> cn. 
If MPUY s:st C is on. the scan is indexed 
by indexing TV address register 2 IT. This 75 
advances the MTU addressing step 20S. 
MPUX sets stat C enablins .MPUY te pro- 
ceed from 204 .'FIGURE "l4 . In s;cp 215 
(FIGURE 13\ s;ai B of MPUY is senfid tor 
determining whether or not an MTU has made £0 
INTFY active. If it has, cycie 210 is exited 
as will be later described. Steo 216 is an error- 
checking step. If MPUY "sets srat D, no 
activity is indicated. This should be crrcr.eous 
because of the previous activity of INTFY. 85 
In the event that i; is active, a diagnostic 
routine is entered. In the even: it is o;:. step 
214 is re -executed : and stat C is reset. 

On detection of ste: B from MPUY. MPVX 
informs INTFX that a requested MTU i> 90 
now available. In step 2 IS. a ceviec-m status 
line in CTOjs activated. This informs INTFX 
that the Mil" is available. In the seme ^tep, 
the MTU address is transferred from TU 
address register 60 to LSR for future micro- 95 
program reference. Next. MPUX determines 
whether or no: the I/O controller is reserved. 
If it has been reserved, a suppressible request 
in {SUPP REQ IN; on CTI of the reaving 
channel A or B is activated. If there he? been 100 
no rcscrvaiion, the SUPP REO IN ij raised 
on all channels in INTFX. MPUX :hen c:;it> 
to the wait routine in FIGURE S entitled 
'iDLEPEND". 

MPUX Supervisorv Microprograms 105 
FIGURES 15—24 are simplified How dia- 
grams cf the microprograms u>ed in MPUX 
to effect coordination of operations with 
INTFX, supervision of certain especi; of data 
Mow circuits 13. and effecting supervisorv - HO 
control over MPUY and MTUY It should be 
understood tha: these microprograms may take 
several forms and Still effect auvanreccs of 
the present invention. Program segmentation 
techniques may be u 5 cd within rhe micrcrro- j;5 
grams. For brevity, it is assumed that program 
segmentation has been minimized. 

The order of presentation of the:c programs 
follow generally the execution of initial selec- 
tion processes as well as cornmumrarion during 120 
burs: and other modes of operation. The 
microprograms that are described in moderate 
detail are trap, initial selection, polled status, 
termi.ia:ion, and sense. Routines read :vpe 
and teat and write are utilized during burst 125 
mode. Service return is used in timing the 
data transfers. Error status and the sense, 
reset end mode are usable with othe- micro- 
programs. It will become apparent tha; MPUX 
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is co-iiinuouslv monitoring CTO for newly 
icscivcd instructions from INTFX. ADDRO, 
indicative a new selection cr early termina- 
tion, and CMDO. indicating a change in 
operation, ere particularly important. 

X-:rap 122 ;s initialed bv a trap signal 
received from INTFX over line 17 setting IC 
66 (FIGURE 3;. to all zeroes. Irrespective cf 
the microprogram bcir.p executed at the cur- 
rent time, this action requires MPUX to 
obtain the next instruction word from ROS 
address 000. Status stored in LSR. as well 2s 
in the various other registers in the I/O con- 
troller, ensure that nonstatus data is lest. 

In storing status, step 220 first transfers 
status information to LSR. This includes 
transferring information from crrer register 
9?. Tnc signals stored in interconnection 
registers 14 "are also transferred to LSR at a 
preselected byte addrcts such that MPUX may 
recover that information. The interconnection 
registers arc then cleared to all zeroes in pre- 
paration for performing functions requested 
bv IXTrX. In step 221, MPUX samples 
whether or not CTO is receiving an initial 
selection signal from INTFX. If INTFX is 
indicating initial selection, initial selection 125, 
as next explained with respect to FIGURE 
16, is entered. If it is not an initial selection 
trapping operation, in step 222 MPUX traps 
and holds MPUY at its ROS address 0000 
as described with respect to FIGURE 3. In 
decision step 223, MPUX determines whether 
or not there is a eencrai or selective reset. Re- 
set enables I/O controller to restart in accord- 
ance with INTFX command signals. If none 
of these conditions occur during a trap, an 
error has occurred. Diagnostic routines are then 
entered to determine the source of the error. 
For brevity, diagnostic routines are not ex- 
plained in 'detail. An alternative action is :o 
stop* I/O controller and light a trouble indi- 
cator for manual intervention. 

Initial selection 125 is explained with par- 
ticular reference to FIGURE 16. The routine 
is entered at point 226 for checking initial 
conditions in step 227. MPUX. before it can 
evaluate what the initial selection signal from 
INTFX means, must determine what all of 
the initial conditions arc for setting up pro- 
gram branching operations to be used later. 
If ADDRO ^'Address Our* is inactive on CTO, 
X-polled 129 (FIGURE 13^ is entered. 
ADDRO indicates that INTFX is requesting 
access to rum MTU indicated by signals on 
CBO 'Channel Bus Oui\ If ADDRO is active, 
I/O controller 11 responds with either ADDRI 
(MTU is available 1 ! or CUB .Control Unit 
Busv\ r.s will become apparent. 

Further initial condition checking includes 
CU status pending, whether or nc: I/O con- 
troller li is stacked in this operation, whether 
or no: there is a contingent connection, and 
the like. With anv status pending, the pending 
address of the MTU is compared with the 



requested address on CBO. If they arc the 
same, ADDRI cn CTI is activated. Also, ;f 
there was no outstanding status pendm; or 
the addresses arc the same, OPERATION IN 
is raised. . 

When MPUX has determined all initial 
conditions are satisfactory 'OR' fcr the 
INTFX request, the initial surrrutine 228 is 
entered. On the other hand, if the pending 
MTU a;!dress does no; cam:, are with the re- 
quested MTU address, the microprogram 
momentarily signals the in;er:ace hardware 
that sclenion is not possible. The interface 
hardware returns the CUD sirr.al and continues 
for the remainder of the selection attempt. It 
there was a contingent connection, IDLE- 
SCAN 120 is re-entered fcr rechecking that 
situation. If there was nc contingent connec- 
tion. MPUX places the ccntrcl un:t in PEND- 
ING STATUS and initiates termination 130. 

Initialize 22S clears out old status, pre- 
pares I/O controller 11 for a new operation, 
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u.w supplies signals to INTFX inaicaiir.; that 
I/O controller 11 is prepared to proceed. The 
MTU address received from INTFX is moved 
to a pending address register in LSR as well 
as to interchange recisters i4 for transfer to 
MPUY. It is also supplied to TU address 
register 60 for selecting the MTU. MPUY 
is~then trapped to fetch MTU addres: from 
interchange register XA. MPUX then mo\cs 
the MTU add'ress to CBI for verifying with 
INTFX that the correct address was received. 
Initializes is completed by raising the 
ADDRI s"icnal in CTI and then checking on 
whether or not diagnostics are to be per- 
formed. 

If ADDRO is now active ir. CTO. termina- 
tion 130 is entered (FIGURE 19\ ADDRO 
being active at this time indicates INTFX 
wants to terminate the operation. Accordingly, 
in termination 130. status is again cleared; 
and MPUY is trapped to deselect the pre- 
viously- addressed MTU. The I/O controller 
then returns to idle pendire: 150 to wait for 
selection. Normally, ADDRO is not active; 
and MPUX waits for CMDO. CMDO ug 
indicates a command signal is appearing on 
CBO. During this wait period, hardware errors 
mav be monitored. For example, if a service- 
out is supplied, an INTFX error has occurred; 
then, I/O controller 11 stops all operation* 
pending clarification of that error by cither 
manual intervention or subsequent CPU 
diacnostics and resultant control signals not 
pertinent to the present invention. 

Upon receipt of CMDO over CTO from 
INTFX, fetch command 229 is entered. The 
command is fetched from CBO. checked for 
paritv error, and analyzed by MPUX. For 
example, there mav be a test I/O (TIO:, a 
no operation (NOP), or read, or^ write, or 
other form of command. During fetch com- 
mand, hardware errors, pending status, staclted 
status, and the like are checked again. If 



90 



95 



100 



i05 



110 



115 



120 



125 



120 



S TK V. SMC 
S7K 03137 



16 



1353,770 



r. 



status is pending or sucked and the com- 
mand is not TIG, then MPL-X supplies a 
CUE INTFX— that is.. I/O controller is in 
the middle cf a scr : jcnce of operations and 

5 can;ic: receive additional assigrirncnrs. 

During fetch command 22?, several branch 
conditio:!:, are ::t »:p in L'iR for later u:e by 
MPUX. For cx.irtp.r. if status is pending or 
rtneked and there i, .i i!0 command, mere 

10 Eve three possible routines used in the X- 
termin£t:o.n 130 for ccrrcletir.g this ponien of 
ihc microprogram. Ti.c routine execute:! is a 
function of various co::d;;icns in INTrX and 
MPUX. Alio, whether or not the addressed 

15- MTU is buiy is chcc'tcd. !f addressed MTU 
is busy, scvrral branch conditions £»£J c: -P5 
the A ITU i.usv statu? h sent to INTFX by 
status 132. Also, L r a diagnostic flag from 
INTFX on CTG is arrive, diagnostic 127 is 

20 entered. If none of the above tags occur, de- 
code command 2?>C is entered. This last action 
is ir.'tiadc:. of a data processing operation such 
as read, write, and the like. 
Decode command 220 takes the CBO sig- 

25 nals and analyzes them for determining what 
function iz to be performed. The micropro- 
gram branches in accordance with the com- 
mand code on CBO to cither X-rcad type 157, 
X-wTite 13 S, error status 139 (based upon a 

30 command reject), or initiating motion control 
such as rewind, forward space ? erase, and the 
like. These rouu'ne executions replace hard- 
ware sequences in earlier I/O controllers. 
Since the functions are well known, they are 

35 not all farther described. 

For initial selection, X-polled 129 is cen- 
tered it ADDRO is not active. The initial 
selection trap with ADDRO inactive indicates 
that a Microprogram request for sen ice has 

40 been henored by the I/O channel. Normally 
requests for service are to process interrupts 
found during the DEPRIME POLLMTI 
routines. This micro-routine replaces a pre- 
vious hardware sequence which examines 

45 INTFX poll request, determines which chan- 
nel (A or B) is palling, and then sets up 
branch conditions for use later on in initial 
selection processing. The first step in X-polled 
129 checks the status and then activates opera- 

50 tional in tag on INTFX acknowledging receipt 
of the poll. If status is already pending or 
stacked, the corresponding MTU and CU 
address arc already stored" in LSR. If status 
is neither stacked nor pending, MPUX 

55 assembles the MTU and CU address informa- 
tion for INTFX. 

In subroutine 234. MPUX determines which 
channel, A or B, is polling. This is determined 
by a hardware latch 'not shown) which indi- 

60 catcs cither channel A or 3. A notation as to 
which channel is selecting is placed in LSR, 
and al! REQUEST IN tags are cleared. This 
means that I/O controller is no longer avail- 
able for a new request from INTFX. The pre- 

65 sent pell must be completely processed before 



I/O controller 11 can communicate with 
INTFX about z rrew request. 

After MPUX determines which channel is 
polling w:;h:n INTFX, the device or MTU 
address is verified by subroutine 235. The 7; 
address is sen: roc:; 'to INTFX via CBI of 
registers 47. A: this time.. ADDRI teg is 
raised in register 43 indicating that the ;n- 
formr.iirn or, CBI is an address'. Branch con- 
ditions in LSR again ere established :er u>r 75 
later ;c» by the microprograms curing initial 
selection preceding. Then, MPUX wai:s un::I 
cither the ADDRO tag line or the CMDO tag 
H:;e is activated. If the CMDO is activated, 
M?UX returns statu: to INTFX via X-starus S: » 
132. If ADDRO is activated, HIONC? sub- 
routine in termination 130 is entered. This 
subroutine resets I/O controller 11 a.:d dc- i 
selects any selected MTU. _ | 

Status is supplied to INTFX upon its re- $5 ' 
quest or each time a CMDO U processed. ! 
For example, curing verify devtc MTU [ 
address in X -polled 129, a CMDO ug was 
sensed to initiate a status return. I;: resrend- 
mz to CMDO, MPUX enters X -status 132 90 
(FIGURE 1S^ at STATRTN 23S. First, 
INTrX is scanned in microprcrirjm cycle 
259. This seen consists of scanning for 
ADDRC. SVCO, and CMDO tags. If 
ADDRO tat is active, the microprogram 95 
branches to TERM STAR in the termination 
130 (FIGURE !9\ ADDRO active at this 
time indicates termination cf the I/O opera- 
tion, therefore, termination i?0 is entered. If 
either SVCO and CMDO are active, scan lvO 
INTFX 239 is repented until those tags be- 
come inactive This assurance mat no out- 
bound tag£ are active must be performed 
before any inbound tag can bo activated. 

INTFX is now ready to receive status in- 1*5 • 
formation. Immca >arely. in subroutine 240 ; 
MPUX effects transfer of status to INTFX 
via C5I. Scan INTFX cvele 241. identical to 
cvcie 239, is executed. If CMDO is received 
during cycle 241, MPUX determines in step 110 
242 whether or not CUB we: sent. If I/O 
controller 11 is in busy status, termination 130 
is entered at TERMSTK1 as later explained. 
If it is not busy, the stack fiag (nor shown > is 
ret — that is, a request has been stacked in LSR 115 
which cannot be processed until the fall of 
SUPPRO. Then, the microprocram branches 
to TERMSTAK. in termination 1 30. If SVCO 
is active, then in step 243 INTFX SUPPRO 
is tested. If SUPPRO is active, the appro- 123 
priate latches or flags arc set in step 244; and 
statu* pending is reset. If SUPPRO is inactive, 
all the flags in LSR arc reset during step 245. 
The two branches of the microprogram jcin 
in step 246 to check INTFX CUE latches 125 
<not shown V This checks whether or not any 
other initial selection attempts were received 
from cither channel A or B while I/O con- 
troller 11 was busv. The microprogram then 
branches to termination 130 at TERMACC 130 
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In summary, it can be seen that in 
the status routine there arc three possible 
branches — TERMSTK 1 , TERM STAR, and 
TERMACC. The firs: tv.o terminations are 
based on stacking status and the third on 
acceptance of status. Termination 130 termin- 
ates th: presently executed micro- routines and 
prepares the I/O controller for subsequent 
action with respect to INTFX. 

A common er.trv to termination 1?0 
(FIGURE IV. is v:a TERMSTAK at 24". In 
subroutine 24 S, status with INTFX is 
checked. This includes status pending, status 
stacked, operation inactive, control unit bu'y 
(CUB), channel A or B selecting, arc there 
any CUE ? s, and the like. If there is no pend- 
ing status, the program branches to IDLE- 
SCAN. CUE is a latch 'not fhouiT indicating 
Control Unit End. When CUE is active. CUE 
latch blocks any attempted selection until the 
controller is no longer busy. 

Upon successful testing of status, a test is 
made for OPERATIONAL IN Juring step 
249. If OPERATIONAL IN has been raised 
on CTI, an initial selection is indicated as 
being successfully started. Subroutine 250 sets 
three branch conditions for entering termina- 
tion 150 via statu-, routine 152 (FIGURE 18) 
as previously described. If OPERATIONAL 
IN is not active, SUPPLEMENTAL RE- 
QUEST IN tags are established in subroutine 
241. The micro-routine then returns to IDLE- 
PEND 150 of FIGURE S. 

If there is a command reject by MPUX, 
the termination routine is entered at 255. 
MPUX sets the command reject unit check 
tag and status pendine flags and then enters 
the TERM STAT at 247. 

Another alternative entry into termination 
130 is via a command parity error 
(CMDPARER and CMDPARU These two 
points of entry mav be from FIGURE 16, 
fetch command 229. In the CMDPARER 
entry, INTFX . sense data is set up. If 
CMDPAR1 is the entry, status pending is 
checked in step 256. If there is status pend- 
ing, the CUB is set in step 257. If there is no 
sums pending, unit check status pending flag 
is set in step 258. Then, TERM STAT is 
entered. 

An independent subroutine in termination 
130 is TERMACC This subroutine is entered 
when the status supplied to INTFX has been 
accepted. This is indicated bv the receipt of 
SVCO on CTO. A reject of status is indi- 
cated by a CM DO which causes the micro- 
program to branch to TERMSTAK or 
TERMSTK1. For TERMACC subroutine, 
OPERATIONAL IN on CTI is made inactive 
during step 260. Then, the status of the I/O 
controller is scanned during cycle 2ft I. If the 
I/O controller is chained or subject to a con- 
ditional connection or reserved, star P is set 
in step 262. This notifies MPUY that the 
status furnished to INTFX has been accepted. 



If none of the conditions are detected in scan 
261, a hold latch (not shown) is reset. This 
is a hardware latch which informs INTFX 
that the controllers connection to the currently 
selected interface A or B is being maintained 70 
for one reason or another. After stat D is set, 
MPUX waits during wait cycle 264 for 
MPUY to set its "stat D, which is an 
achnowleagerr.cn: that it is waiting for MPUX 
to proceed on initial selection processing. This 75 
ac-.ien is descried in detail later with respect 
to FIGURE 27. 

Immediately upon sensing MPUY stat D 
as being active, MPUX determines in step 265 
whether or not the I/O controller is still 80 
chained. If it ii net chained, MPUY is trapped 
in step 266 to deselect or release any MTU 
connected to the controller. In wait cycle 267, 
MPUX again waits for MPUY to* set stat 
D. MPUY stat D being set indicates that the 85 
deselection of an MTU has been completed. 
After this action has been completed or the 
I/O controller h chained, MTU devic: indi- 
cations in LSR arc cleared for INTFX; and 
IDLESCAN ,'FIGURE S'i is entered for scan- 90 
nine for additional DEPRIMES or ether re- 
quests. 

In the event the status furnished to INTFX 
during status 132 i.> rejected, TERMSTAK 
or TERM5TK1 is entered. If TERMSTAK 95 
is entered, the hold flag on INTFX is acti- 
vated, CBI is cleared, and all channel tags 
in (CTI's) are reser. In LSR, the I/O busy 
signal is reset in the pending status byte. Then, 
IDLESCAN is re-entered as above described. 100 

Another entry into termination 130 is 
HINOP which mean:- "halt I/C not opera- 
ing" (no data processing is occurring in con- 
troller 11 V Halt I/O means u do not con- 
tinue any I/O operations/' This entry can be 105 
from several routines, such as from initialize 
shown in FIGURE 16. U'ith this mode of 
entry, MPUX first in subroutine 269 clears 
the status registers shown in FIGURE 3. traps 
MPUY to deselect the connected MTU", re- 110 
sets the chain rl&g in LSR, clears CBI in chan- 
nel registers 42, and drops all CTl's. The 
microprogram then returns to IDLESCAN 
shown in FIGURE 8 for checking pending 
status. 115 

During a recording operation, often referred 
to as "write/* there may be a write check 
condition 'a write error has occurred). One 
write check condition is termed Vi'COHIO, 
which means "word count zero or halt I/O." 120 
Upon detection of a write check condition 
wherein the input/output processing through 
INTFX should be held, the statu* surround- 
ing the write check is stored in LSR. Unit 
•.heck tag is supplied to CTI. The srarus ptnd- 125 
mg fia'/is then set in LSR and HIONOP is 
entered at subroutine 269, as previously ex- 
plained. 

From the above descriptions, it can be seen 
that termination 130 contains many entry* 130 
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points which are closely associated with termi- 
nating a particular microprogram routine and 
transferring such information to INTFX. 
This, of course, is in addi;;on to transferring 

5 status information via status routine 132 ana 
error status routine 139. Those latter two 
routines ck> not terminate a set of micropro- 
gram routines. 

FIGl*I\E 20 illustrates in simplified fcrm 

10 rcai-typc and test 13 T . Tor each read or era- 
Lion, the read- type routine de: ermines the type 
of rend, i.e., XRZI. PL, forward, backward, 
and the like, and test: conditions of the sys- 
tem aficcting a read operation. In subroutine 

15 2 7 0, the command received from INTFX 
C30 m3 is interpreted. If a sense operation is 
initiated, sense 140 is entered. The purpose 
of a sense routine is to fetch sense data, i.e., 
status information and the iike, for INTFX. 

20 If the command received bv the I/O control- 
ler is illegal, the comma:: J is rejected with 
the termination 150 bcin^ entered at COAl- 
REJCT which then supplies a unit check 
condition to INTFX. If the command is TIO 

25 (ten I/O), the link 1 register in LSR is set to 
TERM STAT for use later cn in the termina- 
tion procedures. If the command concerns a 
read operation, MPUX in subroutine 271 pre- 
sets the controller for read in cither the ior- 

30 ward or backward direction. Then, MPUX 
sets the lin': 1 register in LSR to subroutine 
" CLEAN 1T\ 

Upon acceptance of any command in the 
just-described processing, the TU test routines 

35 are entered. These test routines may also be 
entered from initial selection 125. If the com- 
mand is TIO, step 272 tests whether or not 
MPUV st::t C is 'active. If it is active., the 
status cf the MTU is such thac unit check 

40 must be returned to INTFX. This is aecom- 
. plished bv causing the micro-routine to branch 
to termination 150 at CMDPAR3 — that is, if 
MPUV s:at C is active, MTU status is im- 
proper for a test I/O operation. If the stat 

45 C of MPUY is off, the microprogram branches 
through link 1 register LSR to TERM STAT 
at 247 of FIGURE 19. 

Upon initiation of a read command via sub- 
routine 271, a!! of the seme data in controller 

50 is cleared during step 273. Test step 272 is 
performed a> previously described. Another 
entry mio the test routine is PROTESi. In 
this'cr.trv, two decision steps 274 and 275 
check for stat C of MPUY and file protect. 

55 If MPUY stat C is on, MPUX resets sense 
and executes step 272. If MPUY stat C is off 
and the file protect is off. MPUX sees through 
reset sense step 273 to branch link 1. If the 
file protect i? on, i.e., a write is illegal, it will 

60 go to command reject entry of terminate n 
130. 

From the above description, it can be seen 
that the MPUX read routine is merely a super- 
visory operation. The detailed read opera::on 
65 control is handled bv MPUY with the data 



processing circuits 13 performing the actual 
data processing functions. 

A similar situation occurs in the write 13S 
^FIGURE 21*. Initial selection 125 initiates 
the write operation at 276. in subroutine 277, 70 . 
MPUX sets up three branch conditions which 
will be used later on in the write operation. 
The rirst one is V/RTFe> l , which means write 
first byte of data. The second link is 
V: COST P, which is wcrd count zero stop. This 75 
subroutine is entered during an operation when 
a CMDO. i,e., stop, is received from INTFX 
in response to the lint SYCIN tag. The nrst 
SVCIN tag indicates that the I/O controller 
is ready to receive the nrst byte of data for 80 
recording. The third possible branch is 
WC0HIO, which means word count zero halt 
I/O, as previously explained. After setting the 
branch conditions, the word count registers 
(tally of number cf bytes recorded > arc cleared 85 
to zero, CBI is cleared, and selected scratch- 
pad registers within LSR are cleared. Then, 
the microprogram cranehes to service-return 
routine of FIGURE 22. That routine informs 
the INTFX that the I/O controller :s ready 90 
to proceed with writing. After the nrst bvie of 
data has been processed, SVCIN and SYCO 
tags are handled by circuits in signal proces- 
sing circuits 13 and as described in Mover 
ct ai, supra. 95 

The WRTFST branch condition is entered 
at 2S0 to initiate set-up subroutine 2S1. In 
this set up, proper parity on CBO is checked. 
A word count in the sen^c registers cf LSR 
is cleared to zero. If a set track in crier % TIE; 100 
mode set has preceded the write command, 
mode routine 136 is entered to perform :hc 
transfer of the mode set da:a to th: data rl?w 
section. This is termed DOTIEMS1 which 
means "do track in error mode set routine 1" 105 
The scratch pad is incremented by one with 
numbers being sent to CBI. In subroutine 2S2, 
MPUY is trapped to perform a write com- 
mand as described with respect to write 
routine 145. Next, scan cycle 283 is entered. 110 
If ADDRO is up, error status routine 139 is 
entered. If ADDRO is up at this time, it 
means that the INTFX wishes to terminate 
the operation. If TAPE OP is up. i.e., MPUY 
has set its stat indicating MTU h operable, 115 
then nomial write initiation ri utincs arc fol- 
lowed. The third point of the rcsn is MPUY 
stat D. If stat D is off, the scan is repeated. 
If stat D is on, it means that MPUY has 
terminated its operation and the write opera- 120 
tion cannot be performed. MPUX then traps 
MPUY to abort the write and sends in unit 
check to INTFX. It then enters diagnostic 
routine 127 to check on the erroneous condi- 
tion. 125 

If the TAPE OP condition is satisfied, 
MPUX enters wait cycle 255. If SVCO is 
still active, live byte of data to be recorded 
has net ye: been transferred to the I/O con- 
troller. As seen as SYCO becomes inactive, 130 
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scan cvclc 286 is cmercd. If ADDRO is active, 
HIOPERG (hcl: I/O controller operating- 
data processing heme perform::! is entered 
in the error status 139. If SVCO becomes 
active again, a diagnostic routine is perrcrmcu. 
In step 287, the above-refcrrcd-to work 
register is incremented and returned to CBI. 
This action concerns a diagnostic routine which 
is beyond the scope of the present speeihea- 
tion. If CMDO becomes active, the operation 
is to be terminated. In this situation, the stop 
flag in LSR is se; to the active cer.iitien: and 
the burst wait 'BSTW'AIT; cntrv to error 
status 139 is followed. This action sets the 
I/O system for terminating write. Next and 
las:, MPUY stat D is sensed. I; s:at D is on, 
it means that no MTU is connected to the 
I/O controller; and the write is stopped. If 
stat D is off, the Lean is repeated until one of 
the flags becomes active. 

An important function within the I/O con- 
troller which is previously ccir.ri:ic!y hard- 
ware seauenced is the service routine 
(SERVTN) 135. This routine transfers the 
lirst byte of data: thereafter data flow cir- 
cuits 13 secuence the data signals as shown 
in Mover ct al p:.t:n:. suora. First, scan cycle 
287A * is entered. ADDRO, SVCO, and 
CMDO taas are sensed. If ADDRO is active, 
a halt I/O is in process. Branch according to 
link 3 as set up in the write initialize is 
entered— that is, WCOHIO. If cither SVCO 
or CMDO are active, the scan cycle is 
repeated. If all of the outbound t?°s are inac- 
tive, MPUX sct^ SVCIN tag in step 2SS. This 
indicates to INTFX that the I/O controller 
is prepared to receive the first byte of data 
for recording, or transfer the firs: byte cf data 
to INTFX. Immediately after acting SVCIN 
tag in CTI, sear, cycle 289 is entered. The 
three outbound tegs — ADDRO, CMDO. and 
SVCO — are again scanned. If ADDRO be- 
comes active, the link 3 cntrv to the termina- 
tion routine is entered. If CMDO is sensed, 
i c , the I/O operation is to be terminated, the 
stop flag (LSR) is set in step 290: and link 2 
subroutine is entered 'FIGURE 23). This is 
the normal wav of terminating a data proces- 
sing operation.' Next, SVCO is sensed t and 
if it has not been activated, the I/O controller 
is not to proceed. Rcccipr of a SVCO indicates 
that the I/O controller mav proceed to the 
next step. In a write operation, it indicates a 
byte of data has been supplied to CRO: while 
in a sense, it means that the data has been 
received bv INTFX. Upon receipt of a SVCO, 
branch link 1 is used to return to the desired 
routine. Use of tags in a read cperanon is 
explained in mere detail with respect to 
FIGURE 23. 

Refcrrine next to FIGURE 23 : error starus 
139 is explained. The burst wait entry 
(BSTVTAIT) is used during the burst medc 
of operation! Burst rr.ode means the; channel 
A or B of INTFX is dedicated to the transfer 



of data signals from an addressed MTU and 
a siven CPU. Scan evele 252 is firs; per- 
formed. First, ADDRO is chzz^ct. If 
ADDRO is received, HIOPERG 293 is 
entered. Again, ADDRO indicates the: an 
INTFX is attempting to terminate the con- 
nection. 

The second point in scan cycle 292 is 
CMDO. If it is active, the burs: operator, is 
to be terminated. A step Mag in LSR is set, 
and branch link 2 ii entered fcr napping either 
the write or read eperarcn. Next, the MPUY 
stat D is sensed. If sta: D is oft. the cycle is 
reinitiated at that point. If sia: D is en. the 
scan is continued 'MPUY ha? finish::! its 
operation and is at wait MPUX). An error 
condition must exist if this latter arcgr.im 
sequence was followed. MPUY ALU crrcr* 
are checked as well as other exception: trmi 
MPUY. If cither of these are active, se: sense 
starus 294 is entered: various LSR rlags are 
set in subroutine 295: and TERMSTAT 
cntrv of termination 130 is entered. This 
means the burst mode is being terminated, 
and MPUY is informing INTFX of what 
happened. 

Scan 292 is exited in a normal fashion at 
296. If MPUY has set a unit check cannot 
perform a function", then <e; flag subroutine 
295 is also entered. These flags indicate a unit 
check status, i.e., the I/O controller cannot 
perform the desired function. Normally, 
MPUY did not supply a unit check and 
MPUX determines whether or nc: a sense 
command is be ins executed. If so, sense 140 
(FIGURE 24) is "entered. If no:, i.e., normal 
data processing -ycratinn: are being per- 
formed, a data "error is sensed for in step 297. 
If there are no data errors* other error check- 
ing is performed in subroutine 29S. If errors 
arc detected, data check or other forms of 
error indications are provided throuch CTI 
to INTFX. If there are no errors, TERM- 
STAT cntrv of termination 130 is used. If 
there is a data error, sense bits arc set in sub- 
routine 299; and the appropriate flags are set 
in subroutine 295 and TERMSTAT termina- 
tion routine is entered. 

Returning now to HIOPERG 293, a 
routine is executed in response to an ADDRO 
command from INTFX received during other 
operations. First, MPUX sets the *tcp flag in 
LSR. resets other flags such as all CTI's. chain 
flag, and sets busy condition .'CUB? and holds 
for further operations. It then goes to wait 
cvele 3C0 waiting for ADDRO to become in- 
active. Upon ADDRO bcecmining inactive 
.'INTFX ready to proceed:, MPUX returns 
to scan cycle 292 for scanning INTFX starus 
and subsequent branching to the appropriate 
routine in termination 130. 

CLEAN GO routine indicates the starus is 
* ; clean*, i.e.. the I/O controller is free to pro- 
ceed wiih the operations. Preset subroutine 
301 is firs: performed. This includes dropping 
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all status-in tags a: CTI nrid transferring the 
data flow mask to data flcv; circuits 13. The 
latter function is described later. Then, in 
decision step 302, it is determined whether 

5 or not a write ccrnr.uni L active. If it is a 
write commend, a write initiate within write 
138 is entered as previously explained. If the 
command relates to track in error TIE,, the 
write initiate command is entered as it is time 

10 shared wish the TIE function. TIE functions 
have bee:; u;ed in hardware sequences before 
and are no: further described. It both decision 
steps rcsul; in negative answers, the operation 
is determined to ba a read operation. MPUY 

15 is then trapped during step 303 to perform 
Y-rcad 144. BSTWAIT routine is then 
entered for preparing MPUX for further 
action. 

Additional !y, an error statu* 139 is u:eJ in 

20 connection with stopping a write in WTOSTP. 
It is entered through set sense subroutine 299. 
Also, if there is a^ data check, set seme sub- 
routine 299 i:. executed in preparation for 
entering termination 150. 

25 In response to a sense command, MPUX 
enters the FIGURE 4 illustrated scnie routine. 
MPUX in s-'ep 305 determines that there is 
satisfactorv status clean status; for forward- 
ing the status to IXTFX. At 306, MPUX 

30 traps MPUY to its sense routine, described 
later with respect to FIGURE 36. MPUX 
stores trench link members in LSR for use 
later on. MPUY in its sense routine fetches 
two bytes of data for each cycle of operation. 

35 The even-numbered bytes are placed in YA, 
and the odd-numbered hues are placed in 
YB. When ihe two bytes hive been supplied 
to exchange registers 15, MPUY sets stat C; 
and upon completion of furnishing all the 

40 sense ones, ir sets its stat D. Accordingly, 
MPUX at 307 senses for .MPUY stat C. As 
soon as stat C is sensed, .MPUX fetches the 
even-numbered sense byte in YA. It then per- 
forms a routine at 30S for determining whether 

45 or not MPUX should add bits to the sense 
byte from its own status registers. If yes, addi- 
tional bits are supplied at '309. Then, at 310, 
MPUX supplies the sense byte to CBI. At 
311, sense routine branches to service routine 

50 for sensing SYCO as was previously des- 
cribed. 

After sending the even-numbered byte to 
CBO, MPUX fetches the odd-numbered byte 
from YB and then sets its stat C informing 

55 MPUY to fetch the next nvo bytes cf sense 
data. MPUX then determines with respect 
to the odd-numbered bytes whether or not 
additional bits should be added: then pro- 
ceeds to SVCRTX at 312. Upon receipt of 

CO SVCO. MPUX transfers odd-numbered bvte 
to CBI at 313. MPUX then again senses far 
MPUY «:at D. i.e.. whether or not the sense 
operation is complete. While waiting for 
MPUY to set st.u C at 314 :'ind:c:-Jnc mat 

65 the next two sense byic* arc available in YA 



and YB), MPUX senses for ADDRO from 
IXTFX for determining whether or not the 
sense operation should be aborted. Before 
determining whether or not all sense bytes 
have been ^ transferred, MPUX resets its stat 70 \ 
C a: 315 and provides a suitable delay. If all 
sense bvtes have been transferred, it returns 
to TERM STAT. If move bytes are to be 
transferred. MPUX re-er.ters step 307. 

Thiic MPUX waits tor MPUY to fetch 75 
sense bvtes MPUY stais C and D are off), 
ADDRO is sensed at 316. If ADDRO is 
active (the I/O connection is being termin- 
ated), then th: link registers in LSR are 
cleared at 317. The stop flags are se: in LSR SO 
and IDLEPF.ND is entered' awaiting further 
IXTFX instructions. ADDRO being active at 
3 IS also causes exit of sense to IDLEPEND. 

In addition to the above-described micro- 
programs, MPUX also performs other func- 85 
tions. This includes a mode of operation which 
determines PE, NRZI, etc., modes cf opera- 
tion. Such functions being substantial dupli- 
cates of prior hardware sequences, arc not des- 
cribed. The reset operations and the special 90 
control operations reside in a similar categorv. 
The control operations are associated with the 
later-described motion control routine of 
MPUY — that is, space, record, rewind, and 
ether medium motion controls. The initiation 95 
cf such motion controls are well understood, 
and the microprogram version thereof used in 
MPUX to initiate such actions are one of 
design choice. 

MPUY Microprograms 100 
Selected MPUY microprograms are des- 
cribed in some detail for illustrating the trans- 
fer of signals from iNTFY to MPUX via the 
interchange registers, ror brevity, net all of 
MPUY microprograms are described. 105 

As previous! v explained with reject to 
FIGURE 3, MPUY while wailing for 'MPUX 
may be forced to a static condition, i.e.. the 
MPUY clock is turned off. This is the pre- 
ferred mode of holding MPUY. An alternative 110 
approach is shown in FIGURE 25 wherein at 
ROS address 999 unconditional branch instruc- 
tion (06) is set to return the microprogram to 
address 999. This enables MPUY to perform 
an endless loop until trapped by MPUX at 115 
ROS 000. At address 000, whether it be held 
as explained with respect to FIGl'RE 3 or 
FIGURE 25. MPUY fetches signals from 
register XB These signals are a ROS address 
for .MPUY to enter one of the microprograms 120 
now to be described. 

One cf the first routines to be performed 
by MPUY concerns initial selection. Initial 
selection 'FIGURE 26 is entered at 
EXECSTS. The nrst step 321 fetches the 125 
MTU address from register XA. In step 322, 
MPUY determines whether muliitacgcd inter- 
rapt (MTI; is pending in the addressed MTU 
connected to INTFY. If no interrupt (MTI) 
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iz pending. MFUY in step 323 fetches the 
All [*t: seme by;: s and translers same to rcgis- 
ici s YA and YR I: then sets stat C intending 
AiFUX that information is available in rcgis- 
The sense bvic* inform 
ttatu: cf the MTU. If en 
rxndme;. MFL'Y then pro- 
".MTU^in INTFY pcMiitg 
\.>n respect to FIGURE 



icrs YA and YE. 
INTFX as to the 
inc.-imp; (Mil i.. 
cceds to check 
as described Ltci 
28. 

Continuing n.-w 
inactive, MPUY 



with respect to MTI being 
checks the condition of the 



switch (not shown 



I NT! 



-thai is. the 



MTU mav be sv.nched between one or more 
I/O controllers. If. in step 324, the MTU 
is no: connected to another controller, MPUY 
determines at 325 whether or not the .MTU 
is physically prcsen.. If k is net. a unit check 
status is generated a: 531. If it is present, 
MPUY at step ?-2t» determine: whether or not 
it ir. busy. If it is biisv. it determines whether 
or nc: the MTU is executing c motion com- 
mand. If MTU ii executing a motion com- 
mand, MPUY at 327 determine? whether or 
nc: a SUPPRO is active command chaining 
in process;. If so. step 32! is re-entered. If 
it has been completed. MPUY then primes 
for DEVICE END at 32S. This consists of 
setting a DEPRIMF. bit in ti;: registers des- 
cribed with respect to interrupt scan. This is 
a mechanism used by MPUY for recording a 
request from INTFX and fc: getting back 
to INT FX as soon us the addressed AWU * 3 
made available, i.e., has supplied a DtYICE 
END (DE;. DE indicates ihc operation a 
device is perform in it has been completed. 
MPUY then cicar? MTU select lire end sets 
both stats B and D. and awaits further action 
by MPUX. If there i* no morion command 
sensed at 329, the end-up routine (FIGURE 
27) is entered. The end-up routine merely 
provides a short set of operations to enable 
MPUY to wait MPUX f FIGURE 25\ 

Returning now to step 325. if the addressed 
AiTU was not busy, then MPUY determines 
at 330 whether or net the MTU is ready. If 
MTU is not ready, it means power may be 
turned off, a tape reel may nor be installed 
and the like. If power ir. turned off, unit check 
signal is generated at 331. When the addressed 
AITU is ready, MPUX in rtep 332 sets up to 
the AiTU model velocity' code in re sister 
YA for data rlow control. Next, in sup 333. 
MPUY cheek- whether or no: there is srill 
a DE PRIME in LSR. If nor, stat D is set 
and MPUY waits .MPUX. If there is a DE- 
PRIMF.. MPUY <cts both stats B and C and 
enters POLLMTIX of FIGURE 9. 

The Y- termination 1-17 is explained with 
respect to FIGURE 27. The * code name 
"ENDUP" is usrd to indicate MPUY is 
entering this routine. The purpose of this 
routine is to make all data available to MPUX 
and prepare MPUY for waiting for the 
instruction;. First off. MPUY reset: TAPE 



OP status. This means that MPUY is in effect 
closing clown data ticw operation. TAPE OP 
status a:iivc indicates that an AITU is con- 
nected to MPUY and is in an operational 
state, i.e.. transferring data sienals. .Next, 
MPUY fetches the MTU sense bytes and 
stores then in its own LSR. MPUY then 
checks and logs any error conditions that it 
mav have. Stat D is linaliv set, and MPUY 
waits MPUX. 

Par: of the initial selection process requires 
MPUY o poll or search IXTFY. Alicro- 
prcgram;. ejecting this ccareh are shown in 
riGURH 2S. The longer program is entered 
at MTI SEARCH, while the ihcrter prcsce:;: 
i: entered st CHECKDEV. CHECKDEV is 
a portion o*' the MiISEARCK. The r'.rs: s::p 
in AIT1 SEARCH determines whether the 
MTI fin- !ii -tagged interrupt linc^ is active cr 
inactive for any* MTU. MPUX has a cent:, ! 
line (no: shown) to INTFY that eates the 
bgicai "OR" of a!! MTU interrupts to 
.MPUY. If it is inactive, stat f> is set at 34 J 
and .MPUY waits MPUX. On the other hand, 
if MTI is active. .MPUY sets star B a: 341. 
MPUX now activates INTFY to supply only 
the MTI indication of u: uddre:<ed MTU 
to MPUY and scans all MTU addresses in 
seaucr.ee until the MTU having Mil is 
located. During this scan, MPUX and MPUY 
stat registers are used to tynchron.c : the two 
programs. It then waits for MPUX stat C at 
342. Remember that MPUX stat C indicates 
that MPUY may proceed. MPUY then re- 
sets its own stats B and C and azain se:: ; e> 
whether AIT! is active. If it is inactive, MPUY 
sets stat C at 343 and asain waits for MPUX 
sra: C. This latter situation indicate; .that MTI 
went from active to inactive status. On the 
other hand, when MTI remains active, stat D 
is set at 544: and MPUY awaits MPUX 
star C to be reser at 345. As soon as MPUX 
s.at C is turned o;T. .'it having been famed on 
durine wa:t eveic 342 \ MPUY enters polling 
evele 346. As soon as MPUX sets its stat C 
active ag.iim MPUY enters the CKECKPEV 
subroutine. On the other hand, a: long as 
MPUX stat C remains off, it will sense 
whether or not MTI is active. If it is active, 
MPUY then remains in the polling cycle. If 
it becomes inactive, it enters termination step 
340 as wili be described with respect to 
CHECKDEV. 

CHECKDEV is entered cither from initial 
selection 14S of FIGURE 26 or when MPUX 
stat C is turned on during .MTISEARCH. In 
the first activity. MPUY fetches sense from 
the addressed MTU. Then, in step 34S ; 
MPUY determines whether or not the MTU 
is assigned to I/O controller 11. Remember 
that various MTU's may be connected through 
various switching devices (not shewn- to 
several I/O controllers. If the .MTU ij not 
assigned ro I/O controller 11, termination 
step 340 is entered. This involves clearing the 
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MTU tags from LSR, rescuing the connec- 
tion, and sertir.^ stat D. Xcrmally. the MTU 
being polled ii "as* timed to I/O controller 11. 
In that instance, MPUV sets stat C at 349 

5 and waits at 3.">' f.»r MPUX stat D to be 
turned or.. MPUX :e:ti;:g its stat D cn indi- 
cates to MPUX that ali'aetivirv required for 
A IT! SEARCH has b-:cn completed. All the 
nctivitv havmn be:n completed, MPUV resets 

10 AiTU'ar 35 f and ..iters termination step 340 
as previously ic::: i:ed. 

An imports::*, microprogram used in prac- 
tically every MTU operation c>::epi for sense 
and "polling ii i'.ie m.:tic:i ccn::o! program 

15 shown in abbreviated fcrai in FI GURE 2<). 
The entry point is coded as TURXARXD. 
This program e;T:::r- ail tape motion of the 
adrcssed MTU. Commands arc exchanged 
between MPUV and the addressed MTU dur- 

20 ing the motion control program for carrying 
out motions required for read, writ:, diagnos- 
tics, and for positioning- tape in preparation 
for any of the latter operations. This program 
is usually not en: ere d by a trap op; re; ion from 

25 MPUX, rather, ii entered from other pro- 
grams yet to be described. MFUX, however, 
does have the capability of trapping MPUV 
to this program. 
The tirst step 355 sets TAPE OP condi- 

30 tion, i.e., the addressed MTU. is going to 
perform a function for MPUV. This condition 
is set in LSR of MPUV. The PR bit is also 
set. The MTU is rcret such that new com- 
mands from MPUV may be received. All error 

35 conditions are cieared from LSR. Then, 
MPUV executes a series cf decision steps at 
356 with regard to the instructiens received 
from MPUX in REG XE as well as sensing 
conditions in MTU. The rirst decision step 

40 determines whether or not MTU is at begin- 
ning of tape (BOT). "tf'nen it is not BOT, 
MPUV executes step 357 to determine whether 
or not the addressed MTU is set in XR2I 
mode. The MTU's of this disclosure C2n be 

45 only set in either NRZI or PH modes. 

Returning now to decision step 35C\ if it is 
BOT, MPUV determines whether or not a 
write operation is to be performed. If yes, 
then MPUV fetches a data mask (a control 

50 word for data flow circuits 13} from register 
XA in step 35S and proceeds as will be later 
described. On the other hand, if tiie instruc- 
tion from MPUX is not write, MPUV deter- 
mines whether or no: the command is rewind 

55 unload (run). If net. it proceeds further in 
decision step 356 to determine the direction 
of motion whether it should be a read for- 
ward or a read backward. If it is a read back- 
ward, an error condition occurs and unit check 

60 is set at step 359; and MPUV crters ENDUP 
as previously described. On the other hand, if 
it is a forwerd read, the illustrated prepara- 
tory steps are followed. 
Returmr." r.ov. ro the sequence followed 

65 when initial conditio:: is not BOT. Assume 



there is NRZI capabilitv in the addressed 
MTU ;step 357:. In step 3o1. MPUV sets 
NRZI mode indicators in LSR and in data 
fiow control register XA. Then, ct 361, 
MPUV determines whether the cxrrr.nded 
motion is in the forward or backward d'r?:- 
lion. If j: is in '-he ba:k\varci direction. MT'UV 
:t ~t2 sets the addressed MTU iv the bees .vard 
mode, i.e., sets the command MOVE BACK- 
WARD. Upon a MOVE BACKWARD, a 
forward hitch is performed at 365. A forv.srd 
hitch i«. described in detail in UK Patent Xc. 
1.242.361. Then, MPUV enters time -delay 
36 \ permitting the addressed MTU to 
stabilize t3pe in columns. After this delay, 
MPUV sets the addressed MTU in the drive 
status at 30 J. Another delay is introduced tor 
permitting the addressed A ITU to cf::ct the 
command. 

Next, MPUV performs a series of check: 
and sends a final move command to the 
adrcssed .MTU. Firs;, it dere-;- whether cr 
not the command is raid forward. It it v.- rend 
forward, MPUV activates the read forward 
command line. It then checks command staras 
in MTU. If the command status is no; all 
right, a flag in LSR 75 is >e: rejecting the 
command based upen MTU errcr. Fit:* in- 
formation is also fcrwarded to exchange 
rcgbicrs 15. MPUV then sets stat D and waiti 
MPUX. Normally, the command start:.; h OK. 
Then, at 36c, MPUV does rinai checking 
associated with the MTU move- tape operation 
as is well known and has been performed in 
hardware-secjcnccd controller::. The move 
command is then set to the addressed .MTU. 
Following this, MPUV performs velocity 
check 367. This consists of ccuntin?: timing 
pulics between successive tachometer pulses 
supplied to MPUV over line 36 from the 
addressed MTU. The counted timi;:!; puh^s 
are compared with : predetermine number 
for indicating whether or not velocity is with- 
in predetermined limits. If it is proper. MPUV 
waits MPUX. If mere is bad veleciry, i.e.. the 
tape it moving too slow, tachcmcrcr error i> 
set at 36S. The error information is applied 
to registers 15, and stat D is set dur.r,?. error 
return 369. MPUV then waits MPUX. 

Returning now to decision step 356, when 
the read backwerd decision indicated a for- 
ward direction of motion, the forward /back- 
ward staros of MTU was sensed at 370. If 
it already was in the forwerd direction, step 
365 is entered. On the other hand, if the 
command is a forward move and the addressed 
MTU is in backward mode, the MTU is <rt 
to the forward condition and time delay 364 
is entered. 

If the operation is t** be o write operation, 
i.e., TURXARND ir entered from V- write 
routine shown in FIGURE 30. a djta mask : a 
control word> for use by dara rlow circuits 13 
is fetched b\ MPUV in* step 35$. In s;cp 37! • 
MPUV sense: whether or no; the write opera- 
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tion is PE or NRZI. If NRZI, step 360 is 
performed, ar.d the sequence described above 
is followed. If the write is PF and PE was 
previously set m svep 35: , the program 
• 5 branches directly to step 361. 

The Y-write program 145 i ; . described with 
respect to FIGURES 50. and ;.2. After 
MPUX trap, MPUY to WRTOP. MPUY 
first sets the write ilje .it 5 5 in LSR 75. 

10 Than. TURNARND motion control program 
of FIGURE 29 is entered. Upon the comple- 
tion of TURNA.RND. the breach ;,erup irr.r 
shown) in step 3~5, which set i:p ihe write 
condition, branches back to step 376 of Y- 

15 write 145. In this step. MPUY cevms tacho- 
meter pubes for metering r. giver, amount of 
tape to form an IDG. After a predetermined 
amcun: cf tape has beer, transported, decision 
step 377 is entered. If it is a NRZI write, 

20 NRZI write routine 37$ is performed as shown 
in FIGURE 31. I: PE is* to be written, the 
write PE routine shown in FIGURE 32 is 
performed. Upon completion of either write 
routine, ENDUP in Y-termmaticn 147 

25 rPIGURE 27^. is entered. 

NRZI write 375 FIGURE 31; supervises 
operation of data flow circuits 13 during the 
write mode of operation for recording darn 
received from INT FX h NRZI recording 

30 scheme. A!l of the discussion with respect to 
NRZI is directed toward recording in the pre- 
sent known NRZ recording formats. MPUY 
determines whether or not the operation com- 
menced at load point in step 3 SO. If so, it 

35 then sets up a special erase gap operation. 
NRZI mode is set ir. the selected MTU, and 
data flow operations ere set in data flow cir- 
cuits 13. Next-, if an erase gap ii to be per- 
formed, an erase subroutine ('not shown) is 

40 entered. This subroutine merely requires the 
addressed MTU to supply an erase current to 
its transducer for a predetermined length of 
tape. Upon completion of that operation, 
ENDUP routine of FIGURE 25 is entered. 

45 If it is not an erase operation, MPUY deter- 
mines whether or not a rape mirk is needed. 
If a tape mark is needed in NRZ! format, 
write tape mark 3S1 is performed. Again, the 
subroutine is relatively simple and merely uses 
- • 50 data patterns placed in TUBO to record the 
standard NRZI tape mark. After the tape 
mark operation, the read-after- write ponion 
• % of the write data subroutine 3S2 is entered for 

checking the tape mark. 

55 Generaiiy speaking, data flow circuits 13 
perform all of the write signal generation and 
coordination with the addressed MTU. The 
addressed MTl 7 must accept data over 
INTFY as the data flow circuits !3 supply it. 

60 During this period of time, coordination with 
I NT FX is performed by MPUX by hardware 
sequences, as described in Mover ct aL supra. 

Many digital magnetic tape subsystems have 
two gaps for each track on the tape. The up- 

65 stream gap in a write operation is called the 



writ: gap, which records data signals on the 
tape. The dcwnsircam gap is the read gap. As 
data is recorded on the "tape. the recorded dr.ta 
signals eventually pass the reed gap. Many 
I/O controllers verity recording operation-; by 70 
what is termed "reid-after-write" operations. 
It is intended that the presently described I/O 
comrciler be urcd in this mode, no limitation 
thereto intended. Da::-» flow circuits 13 may 
include hardware sequences tor performing 75 
thi: read-aft ::-v»r:te function as is well known 
in the industry. Alternatively, microprograms 
i:i MPUY can perform supervisory func- 
tions — that is, when data flow circuit* 13 detect 
a lack of re ad back envelope when r. rcad'euck 80 
envelope should have appeared in the read 
yap, then a EOC can be performed by 
MPUY. Such I>OC will indicate to MPUX 
that there is a wTite error, MPUX then 
branches to error legging operations and in- 85 
forms INTFX o: the write error. Normally, 
there is no write error; the MPUY micro- 
program proceeds to subroutine 3 S3 which 
continues the reading operation even after sig- 
nals are no longer being recorded. The signal 90 
delay between the write and read gaps requires 
a supplementary read operation. Upon com- 
pletion cf the read and detection of the end 
of record, the ENDUP routine in FIGURE 
25 is entered. 95 

The philosophy cf control for recording in 
the PI- mode follows generally that of the 
NRZI mode. However, because of many addi- 
tional format requirements known of PE 
rerord : H2, the write PE program shown in ]00 
FIG UP. rt 32 is necessarily more compter: than 
the NRZI write program. Entry into the pro- 
gram is at DOT decision step 3 $5. If it is 
POT. a PE format is recorded. After ROT 
operation:, the PF preamble is written in step 105 
3S6. The program loop in dash bo: 3?" is 
performed during thee buret mode of record- 
ing data in the PR mode. A write data com- 
mand a: 3SS makes the data flow circuits 
supply write data. In decision step 339, no 
MPUY checks whether or not preamble 
recorded in step 3S6 should be arriving at the 
downstream read gap as mentioned in the 
NRZI mode. If the preamble has not yet 
reached the read gap. beginning of record 115 
decision step 390 is performed. 

EOR flag in LSR 75 of MPUY is set upon 
the detection of data during the read-aftcr- 
writc operation. This should occur within a 
predetermined time after the pieamblc starts 120 
to write. If BOR is not detected bv the read 
gap, which occurs at the beginning of the 
write operation, velocity check 591 is per- 
formed. This is performed in the same man- 
ner as described for NRZI. Generaiiy, the 125 
velocity cheek will he OK and loop 3S T is re- 
entered. However, if the velocity check is bad, 
the write condition is reset and end of data 
is set requiring data flow circuits 13 to stop 
recording. Loop 3S7 is then entered for reach- 130 
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Lag write reset decision step 392 as will be 
later described. 

If, in s:cp 389, the preamble should have 
reached o: has reached :hc read gap in the 

5 re ad-after- write ope rati or., [he preamble is 
checked in step 3?3. This consists of counting 
ih: number cf sigr.::!s recorded there:- Gener- 
ally, the PE preamble contains forty zeroes. 
The preamble may be acccp:able if ihiny-nve 

10 zeroes arc detected, it may be assumed that 
during the initial ^synchronization portion of 
the preamble the recorded signals may no: 
be successfully recovered. Upon completion of 
the checking of the preamble, the record must 

15 be continuous since writing is still :n process; 
therefore, the program gees directly to check 
BOU routine 394. ihis subroutine checks to 
sec that the data sitmMs from the adc!:e?sed 
MTU over IXTFY are still active. This 

20 • branch condition remains active as long as 
signals are being detected by the read gaps. 
In step 392, MPUY determines whether or 
not the write condition is reset. During normal 
operations, the write condition will be reset 

25 at ihe end of the record as determined by 
INTFX of in the alternative of a detection of 
a velocity error. When write is reset, loop 387 
is exited for terminating the write PE pro- 
gram. Initially, there is~a delay provided at 

30 395 to allow some of the tape to pass by the 
read head. In step 396, MPUY senses whether 
or not the read gap is still sensing the record. 
If not, there is a write error; and the^ status 
of the write error is set in step 397. r-ollow- 

35 ins lhis ' ENDUP routine is entered. Normally, 
the read gap would still be sensing the record. 
The program then senses for end of data -sig- 
nal generated by data flow circuits 13) in step 
39S. If it is end of data, die data flow circuits 

40 13 arc reset at 400; and the postamblc is 
checked for proper length of recording. Then 
a series of decision step- ci 4C1 are performed. 
These check MTU read, write time, IDG, 
write tape marl: op (WTM OP), and the iike. 

45 From these decision steps, readback checks 
402 are pcrfonncd. Based upon the analysis 
of the decision steps 401 and readback checks 
402, either the write error 397 step is entered 
or ENDUP routine cf FIGURE 27. Normally, 

50 ENDUP routine cf FIGURE 27 is directly 
entered. If the DOR is off but wa> on pre- 
viously as detected in step 403, scries of deci- 
sion steps 404 arc pcrfonncd. These determine 
whether or not too many write times have 

55 occurred, !3G was being written, or a tape 
mark was being wrinen (write times are used 
as a time/distance measurement;. As shown 
in FIGURE ?2. the p roc rem moves to either 
an error condition or back to decision steps 

60 401 in accordance with the various operating 
statuses. 

The V-rcad program is shown in FIGURE 
53. This is entered on a read oprrction. space, 
or space- nle command operation. In the latter 
65 two, the read circuits are operated with a 



threshold 10".. maximum. The threshold is 
forced on the data flow bv MPUY as ex- 
plained with respect to FIGURE 2. In the 
read pre-rram, .MPUY ;irs: checks the direc- 
tion of motion in step 410. Depending on th: 70 ■ 
direction decree;, the addressed MTU i> set 
in either the fcrvard or backward mode. Then, 
the moticn centre: program at TURNARND 
is entered at 411. Th; branch eonJiticn set up 
in step 4)0 causes the TURNARND program 75 
to branch b-c/. to tne Y-read program of 
FIGURE 3?. Then, MPUY in step 4:2 
determines whether or not BOT is en- 
countered. Ir it is. MPUY checks the tacho- 
meter velocity and meters tape in step 4!?. 80 
It then proceeds to decision step 414 for 
determining whether XRZI or PE recording 
scheme was used on the tape being read. If 
it is XRZI. MPUY determines whether or not 
the XRZI feature was included in the 85 
addressed MTU. If the XRZI tape is leaded 
on a MTU not having the XRZI feature, it 
is not capable; and an errcr condition exists. 
This is logged in step 415 and ENDUP 
routine of FIGURE 2? is entered. If it is 90 
XRZI and capable of being performed, 
TURNARND 411 is again entered for mov- 
ing the tape to the hrst record block. If PE 
was recorded on the tape, the PE read routine 
416 is diiectiy entered. 95 

On the other hand, if the read operation is 
in die middle of the tape, BOT is '"no" with 
decision step 417 being entered. If it is a 
XRZI tape, NRZI read routine shown in 
FIGURE 34 is entered. If ir is PE, PE read joo 
rcutinc 416 is entered. Upon completion of 
either of the reed routines, terminate read 
routine 419 is performed. This includes error 
checking which may cause entry of a diagnos- 
tic routine :not described in detailV Normal 105 
exitins of terminate read routine 419 is to 
ENDUP routine of FIGURE 27. Also, dur- 
ing terminate read 41? : a creased tape may 
be detected — that is, a tape being reed may 
have a crease in it causing no readback signals 110 
fcr a shon period of time. This period of 
time is normally much less than an IBG. 
Known detection schemes for detecting creased 
tape are used. A creased tape routine 41S is 
entered if the tape is stopped because of the 115 
crease, and ENDUP routine of FIGURE 27 
is entered. Otherwise. PE read routine 416 is 
entered a> will become apparent. 

The NRZI read routine of FIGURE 34 is 
entered from decision block 417 of FIGURE 120 
33. The first step in the routine is 420 in 
which MPUY sets the read mode in MPUY 
and data flow circuits 15. It also sets detec- 
tion thresholds. Initially, before the record is 
encountered, the threshold is sc: high, and 125 
after the record is encountered, it is lowered. 
This function can be performed by hardware 
sequences in data flew circuits 13, as was per- 
formed in previous controllers. NRZI data 
transfer loop 421 permits MPUY to idle 130 
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through a pair cf decision steps, while data 
flow circuits 1? process data from tnc addres- 
sed MTU directly to I NT FN. SVRTN 
routine of MPUX again provides coord ina- 

5 tion between IXTFX and the I/O controller. 
>X*ithin NRZI draa transfer loop -?21, end cf 
data is continual \y scn c ed. If there is end of 
data, MPUY t>.:i detcim«*»v> whether or not 
a tape mark is L*ei:-.? r:a± 1' c tcpe mark is 

]0 being read, nr reac routine ir terminated. If 
a tape mark is not l>ei::g tc^. MPUY deter- 
mines whetnrr cr not 2 hie operation is being 
performed. Jf net. terminate read subrou:ir.c 
419 is cntcreJ. I." the hie opera- ion is being 

15 performed, tape operation condition is reset 
momentarily; and XRZI data transfer 421 is 
re-entered. This permits resetting the end data 
fug to allow the n:x. data clock :e be scanned 
for the presence of a tape mark. 

20 During the data transfer, the addressed 
MTU may become incapsbic of performing 
the read operation. In such a situation, it pro- 
vides an interrupt litroucn 3NTFY lo MPUY. 
An interrupt trcrr. the addressed MTU is a 

25 BOC for MPUY. If there is no interrupt, 
MPUY idles through the two decision steps 
until end of dcta occurs. Upon detection of 
an interrupt indicating that the MTU cannot 
continue the read operation, unit check is set 

30 at 422; and terminate read operation 419 is 
entered. This will be explained in some detail 
with rcsoect to read PE set forth in FIGURE 
35. 

The read PE routine starts with setup PE 

35 read in the MTU at 425. The preamble of 
the PE record mentioned above with respect 
to write PE is read by the read preamble 
sequence of sieps in dash box 426. This in- 
cludes detection of beginning or record, trac- 

40 ing the BOR. detecting whether or not read 
operation has been set up. and doing a tape 
velocity* check may be performed using tacho- 
meter puhes. Finally, data ready is detected 
in step 427. This corresponds to detection of 

45 the mark or signal marking the boundary 
between the preamble and the record. If the 
beginning of record or read op arc turned 
off, special conditions are checked in step 42$. 
These include detection of an MTU inter- 

50 rupt, detection of a tape mark, IBG, unit 
exceptions, and the like. Such operations have 
been performed in previous I/O controllers 
and arc not discussed funhcr for this reason. 
If none of the special conditions are detected, 

55 read preamble 426 is re-entered. If a special 
condition is detected, terminate read 419 is 
entered on FIGURE 33. 

Transfer of actual data sicnals from the 
addressed MTU to IXTFX occurs during PE 

60 data transfer 430. This includes monitoring 
for IBG and MTU interrupt. If an IBG or 
MTU interrupt occurs during transfer of data, 
errors are set at 431 and terminate read is 
entered. Upon detection of end of data, the 

65 PE da:? transfer routine is rcm;uia::d; and 



post-amble checking is performed. The end- 
of-data signal is supplied from data flow cir- 
cuits 1? to .MPUY as a BOC Thir, is one of 
the status lines shown in FIGURE 2. 

In postambie checking. MPUY checks 70 
whether or not the postambic is too long, too 
short, or appears as an IBG. As long as data 
ready is sensed at 431, the postamblc checking 
continues. As sren as an IBG or MTU inter- 
rupt is scn>ed. terminate read is entered. If 75 
the postamble is too long or too shcrr. an end 
data check is flagged and forwarded to .MPUX 
at 4?2. 

Terminate read routine is a microprogram 
version of a previously used hardware 80 
sequence. It is not shown in the d raving in 
detail for that reason. The functions performed 
include drop the move signal to the addressed 
MTU and continue to monitor the read bus 
until MTU is stopped. This is a velocity chec:; 85 
performed by counting tachometer puises. If 
a read data signal is received from IXTFX 
via MPUX, the move tag to the eddressd 
MTU is again raised: and the read operation 
is re-entered as shown by line 433 of FIGURE 90 
3?. In the ianer situation there is a possibility 
of a creased tape. Raising or activating the 
neve tag enables the system tag to read data 
signals after traversing a tape crca.-e. 

"Response of I/O controller 11 to a sense 95 
command bv MPUX was described in derail 
with respect to FIGURE 24. In that routine, 
MPUX trapped MPUY to the MPUYs sense 
program shown in FIGURE 30. Upon being 
trapped. MPUY fetches two sense bvte, from 100 
the MTU. Then, at 435. MPUY indexes to 
the next two MTU tense pvto by changing 
the contents of the TUEO. MPUY then trans- 
fers both bytes of data to YA and YB respec- 
tively and sets stat C as set forth in 436. A 105 
decision cycle is then entered at 437. First, 
MPUY senses whether or not the stop flag 
from MPUX is on. This is one of the stat bits 
in recistcr S9 of FIGURE 3. If the stop flag 
is otu MPUY merclv waits MPUX. If it is no; HO 
on, it senses for MPUX stat C. It may be re- 
called from the description of FIGURE 24 
that when MPUX has transferred both sense 
bvtcs from rccistcrs YA and YB to INTFX, it 
sets stat C. MPUY must wait until MPUX 115 
has stat C. Then it goes to a set of decision 
steps 43S. Aeain, the stop ling is sensed and 
MPUY waits" for MPUX stat C. It should be 
on, and then proceeds to clear the LSR sense 
hvte memory locations at 439. Finally, in 120 
decision step 440, MPUY checks whether or 
not all the sense bvtcs have been forwarded to 
MPUX. If not. the sense routine is re-entered 
for fetching two additional sense hues. If the 
ser.se operation is completed, it goes to wait 125 
MPUX. 

Microprogram Control of Data Flow 
Circuits 13 

Referring now more particularly to 
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FIGURE 37, I/O controller 11 is shown in 
simplified form accenting the relationship 
between MPUX, MPUY, ai d data liow cir- 
cuits 13. .MPUX generally controls the left- 
hand portion of data flew circuits 13 in an 
intimate manner and provides supervisory 
control functions \viu\ rvsp *c: to the riih-- 
hatid pcrJo::. MPUY Divides defiled con- 
trol over the XR2I aetce: circuit i02. PE 
detect circuit 103, ar.d control 104. It also 
supplies data-rate cor:o! «:g.tals to write tim- 
ing and centre*! circuits SI 3. 

Firstly, the relate. i< hip hcrvsen MPUX 
and riat.*» flow circuit? !3 L described. Stat 1 
from MPUX statu; ic-i^rcr S9 .FIGURE 3! 
selectively enable .YVD circuits 444. A XL) 
circuits 444 then pa:., icn:!> from XA register 
14 to data flow stents circuits 4: ;a set o; 
gates'. Data flow s .uus -1-?5 a ; :o receives 
hardware signils (not th-nvn; fr;rn data flow 
circuits 13 showing .pcrnri :>nul status, i.e., 
data check, write c!;:c*. and the like. Out- 
put siimais from data rk v status 445 are sup- 
plied 'through OR circuit, 446 to CBI cable 
30. 

XA register also supplies its signals :o Io?:c 
circuits ^47 which decode the signais for 
generating special control signals supplied 
over line 44S. These special control signals ere 
used in connection with diagnostic procedures 
which are no: further described. In connec- 
tion therewith, the stat 0 bit from MPUY 
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register 69 is supplied over line 449 to logic 
circuits 44!". These are combined to jointly 
control operation of write timing and control 35 
circuit 111 as well as control circuit 104. 
Special contro! signals c:m be used to abort 
parity cheeking during data transfer opera- 
tions provide "ccr.r.ec::ons in loop wriie-to- 
rrcd diarxcitics. .i.e., data received from 
fXTFX h net actually recorded on :ne tape, 
record t::pe mark ; ar-.a performs selected hard- 
ware cheelts under diagnostic cantrr!. AND 
circuir.i 4:0 are io:nt!v re -pensive to signals 
in XA repV.er 14 and MPUY statO being 
active to -iirniv 3 write iniuav. signal to con- 
trol circuits' HI. Circuits Hi respond to the 
write command frr initiating signc! genera- 
tion and supplvinc signals ever cable 53 to 
the addressed .MTU * In a similar manner, 50 
beic circuits «?51 are pimlv responsive to sie- 
niib from MA register 14 and Mat iJ of MPUY 
to supply a rend command signal over lit:." 
452 :c control circuits 10 r. For example, 
rcaister XA may be ..n S-bi: register; aad bi: 55 
4 "being active simuiianeou- with MPUY 
star 0 being active indicates initiate reel Con- 
trol circuits 104 respond to the read command 
siannl on line 452 in the same manner that 
pre vie us hard ware -r.cducr.ee controllers res- 60 
ponded to an initiate read ccmnund recehed 
over the data channel. 

The data flow control within circuits 13 arc 
set . r or;h below in Table II: 
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TABLE II 
Data Flow Circuits Command Structure 



Command 
Transfer XA to TIE 
Special Diagnostic Command* 
V. rite 

RCnC 

Transfer Sense Bvtc A to CBI 
Transfer Sen^e Bv;c B to CBI 
XR2I Last Mode Set 
Select PE Mode 
Select Forward 
Lower Threshold 
FORCE (enable detection) 
D2ta Rate 



Active Bit! 

MPUX Sta: 4 
XA-0. MPUY Stat 0 
XA-1, MPUY Stat 0 
XA-4, MPUY Stat 0 
XA-6, MPUX Stat 1 
XA-7, MPUX Stat 1 
XA-7 
YA-0 
YA-1 
YA-2 
YA-4 

Decode YA 5. ? 



"■i 



80 



85 



90 



In the above table, the active bits indicate 
that when a binary "1" is r.torcd in a particu- 
lar bit that the command function on the left 
side of the Table is performed. For example, 
the content, of register XA arc transferred to 
TIE resister within data flow circuits when- 
ever MPUX Stat 4 is active. TIE register is 
used by the error detection and correct ion cir- 
cuit to correct bit; in accordance wirh the 
indicated :ra:lt in error. Special diagnostic 
commands 2:2 transferred when the XA bit 
0 resistor (XA-O'i is active and MPUY stat 
0 is active. Similarly, as previous!*- chained, 
write and reed command* are initiated. It is 
to be understood that controls 111 and 104, 



upon receipt of a write i-r read .ommjnd. may 95 
perform additional logic decision** before actual 
reading or writing is cflcctci. Such additional 
logic decisions are those used in prior I/O 
controllers. Keen data dow circuit 13 may 
generate two sense byres A and B which indi- 100 
catc various status for the data flew circuits. 
For example, sense byte A may represent PE 
st3tu< whereas sense byte B may represent 
XRZI statu*. The bits from the YA register 
are not gated to data flo*. c:r;uus. btit are 105 
ir*:i -f erred directly to ctfee; control. For 
c--. tnie, seicat PE mode is generated within 
d. now circuits 13 whenever YA register 
r ^ active. If bit 0 is not active, the XRZI 
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mode is selected. Similarly, forward mode ef 
operation is sclec:;ri if YA-1 is active and the 
backward mode whenever YA-1 is inactive. 
Data rate for transferring date from the 

5 addressed MTU is decoded by the three YA 
bits 5, 6 and 7. For example., various MTU's 
may be attache:: to JNTFY. These may trans- 
port tape 2; d:;7cre;;: velocities, tor example, 
75 ips, 125 iD< : 200 ir». and the like. This 

10 information is cr./irc.'-ed ir. tta three bits pro- 
viding for maximum 0: eight uiricrcnt A1TU 
speeds. 

The implcn:-:n:ari.r. of Table II from 
register YA to centre i c*rc:'its 104 is shown 
15 in abbreviated form in Figure 57. 

WHAT WF. CLAIM IS: — 
1. Data procv:si:i£ apparatu r c; rirrising a 
data channel c?n:r«.il:r including licit aud 
second interfere pinion?, tech portion being 

20 adapted for dilfcrciit . Ig.nal format?, d;:a Sow 
circuits electrically interposed between said 
porcionr; 2nd operative r-; alter information- 
bearing signals in accordance with said signal 
formats whereby signals may be exchanged 

25 between said portions, and a plurality of 
microprogrammed units each having a 
memory, an input and an output portion, first 
and second of said microprogrammed units 
being respectively cperarivcly associated with 

30 said nrst and secrr.d interface portions and 
being programmed to exchange control and 
data signal:, therewith, tirst and second sets 
of exchange rc^hters respectively connected 
to said first and second micro programmed 

35 units and adapted to receive rct.ilt signals 
therefrom and supply said result signals 10 
said data flow circuits to control same to alter 
said information-bearing sign?.!?: an J first and 
second gating- means respective ly controlled by 

40 said nrst and r.ecor.d microprogrammed units 
to gate said resuk sigmls from said second 
and firs: exchange register* respectively into 



said first and second micruprogrammed units. 

2. Data processing apparatus as claimed in 
claim 1, in which said first microprogrammed 45 
unit is operative to sample one of said ex- 
change registers of said second micropro- 
grammed unit while said one exchange 
register is supplying signals to said data riow 
circuits for monitoring operation thereof 50 
whereby said tirst microprogrammed unit 
e>;crc:ses simultaneous supervisory conrrel over 
?.*id second microprogrammed un:t and said 
d^.ta Sow circuits to effect programming co- 
ordination between >aid nrst and second 55 
microprogrammed units. 

3. Data processing apparatus as claimed in 
1 or 2 including a third microprogrammed 
unit in said data flow circuits being jointly 
responsive to said first and second mitrcpro- 60 
grammcd units to perform signal-processing 
operations in accordance with signals received 
from said rtrsr and second sets of exchange 
registers. 

4. Data processing apparatus as claimed ?n 65 
any one of claims 1, ?. or 5. in which a plur- 
ality of record-media transporting devices are 
connected to said second interface portion and 

are responsive to address signals for initiating 
an active condition, and said first micropro- 70 
grammcd unit has an address register con- 
nected to all of said record-media devices for 
addressing the devices, ana all other connec- 
tions between said controller and said record- 
media devices are made through said second 75 
microprogrammed unit and said data flow 
means. 

5. Dat2 processing apparatus substantially 
as hereinbefore described with reference to the 
accompanying drawings. 

JO*IX E. APPLETON, 
Chartered Patent Agenr, 
Agent for the Applicants. 
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